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ABSTRACT
A m ethod was d e v e lo p e d  f o r  t h e  d i r e c t  d e t e r m i n a t i o n  of 
m ercu ry  in  w a te r  and b i o l o g i c a l  sam ples  u s in g  a u n iq u e  ca rbon  bed 
a to m iz e r  f o r  a to m ic  a b s o r p t i o n  s p e c t r o s c o p y .  The method a vo ided  
s o u r c e s  of e r r o r  such  a s  l o s s  o f  v o l a t i l e  m ercury  d u r in g  sample 
d i g e s t i o n  and c o n ta m in a t io n  o f  sam ples  th ro u g h  added r e a g e n t s  by 
e l i m i n a t i n g  sample p r e t r e a t m e n t  s t e p s .
The d e s ig n  o f  th e  a to m iz e r  a l lo w e d  use  o f  th e  184 .9  nm 
m ercu ry  r e s o n a n c e  l i n e  i n  th e  vacuum u l t r a v i o l e t  r e g i o n ,  which 
i n c r e a s e d  s e n s i t i v i t y  ove r  t h e  commonly used  s p i n - f o r b i d d e n  253 .7  
nm l i n e .
The ca rb o n  bed a to m iz e r  method was a p p l i e d  t o  a s tu d y  of 
m ercu ry  c o n c e n t r a t i o n s  i n  w a t e r ,  h a i r ,  s w e a t ,  u r i n e ,  b lo o d ,  b r e a t h  
and s a l i v a  sam ples from a n o n - o c c u p a t i o n a l l y  exposed  p o p u l a t i o n .  
L iq u id  sam ples  were in t r o d u c e d  i n t o  t h e  a to m iz e r  by p i p e t t i n g  1 PL 
o n to  a 6-mm ca rb o n  d i s k  or by d i r e c t  I n j e c t i o n  w i th  a m ic ro ­
d i s p e n s e r .  H a i r  was a n a ly z e d  by d ro p p in g  l~cm segm ents  o n to  th e  
c a rb o n  bed . B re a th  was a n a ly z e d  by t r a p p i n g  c o n s t i t u e n t s  on a bed 
o f  a c t i v a t e d  c a rb o n .
D ata  were c o l l e c t e d  on th e  a v e ra g e  c o n c e n t r a t i o n ,  th e  range  
and d i s t r i b u t i o n  o f  m ercury  i n  th e  s a m p le s .  Data were a l s o  
c o l l e c t e d  i l l u s t r a t i n g  i n d i v i d u a l  v a r i a t i o n s  i n  m ercury  c o n c e n t r a ­
t i o n s  w i th  t im e .
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C o n c e n t r a t i o n s  o f  m ercu ry  found w ere s i g n i f i c a n t l y  h ig h e r  
t h a n  v a lu e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  a "norm al"  p o p u la t io n *  
T h is  i s  a t t r i b u t e d  t o  th e  i n c r e a s e d  a c c u ra c y  g a in e d  by e l i m i n a t i n g  
p r e t r e a t m e n t  s t e p s  and i n c r e a s i n g  a to m i z a t i o n  e f f i c i e n c y .
D e te r m in a t io n  o f  t h e  e x a c t  c h e m ica l  form  of m ercury  i n  t h e s e  
sa m p le s  was a t te m p te d *  A d u a l - s t a g e  a to m iz e r  was em ployed . The 
f i r s t  s t a g e ,  a p la t in u m  w i r e  lo o p ,  was g r a d u a l l y  h e a te d  to  
v a p o r i z e  d i f f e r e n t  compounds of m ercury  a t  t h e i r  c h a r a c t e r i s t i c  
t e m p e r a t u r e s .  The second  s t a g e ,  th e  c a rb o n  bed a to m iz e r ,  was 
m a in ta in e d  a t  1450°C t o  a to m iz e  t h e  v a p o ro u s  m e t a l l i c  s p e c i e s .  
A b s o r p t io n  t r a c e s  were o b t a in e d  f o r  v a r i o u s  s o l u t i o n s  of pu re  and 
com plexed m ercury  compounds. A b s o r p t io n  t r a c e s  o f  b i o l o g i c a l  
f l u i d s  were a l s o  o b t a i n e d .  D i f f e r e n c e s  were o b se rv e d  i n  th e  
a b s o r p t i o n - t e m p e r a t u r e  t r a c e s  o f  v a r i o u s  compounds. The u t i l i t y  
o f  t h i s  t e c h n iq u e  f o r  s tu d y in g  c o m p le x a t lo n  was d e m o n s t r a te d .
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GENERAL INTRODUCTION
1. M ercury I n  th e  E nvironm ent
a .  H i s to r y  and C hem ica l  P r o p e r t i e s  o f  M ercury
M ercury and i t s  compounds have f a s c i n a t e d ,  a id e d  and 
t h r e a t e n e d  mankind f o r  c e n t u r i e s .  E le m e n ta l  m ercury  was found in  
an  E g y p t ia n  tomb of th e  f i f t e e n t h  or s i x t e e n t h  c e n tu r y  B.C. The 
a n c i e n t  G reeks d e s c r i b e d  th e  p r o c e s s  of h e a t i n g  c in n a b a r  (m e rc u r ic  
s u l f i d e )  and  c o o l in g  th e  vapor to  r e c o v e r  "hydrargyrum " or " l i q u i d
s i l v e r " ,  b u t  a n c i e n t  Greek p h y s i c i a n s  a l s o  warned of t h e  p o isonous
2n a t u r e  of m ercu ry .  The c in n a b a r  mines a t  Almaden, S p a in ,  
p r o v id e d  th e  Romans w ith  th o u sa n d s  of pounds of th e  re d  o re  pe r
3
y e a r  f o r  u se  a s  v e r m i l i o n  p a in t  pigment and ro u g e .  M e rc u r i -
a l i s m  was one of th e  f i r s t  r e c o g n iz e d  i n d u s t r i a l  d i s e a s e s ,  f o r  the
Romans s e n t  o n ly  s l a v e s  and condemned c r i m i n a l s  t o  work th e  
4 5Almaden m in e s .  ’ M ercury was u sed  a s  a m ed ic ine  i n  a n c i e n t  I n d ia
and C h in a ,  and an a n c i e n t  C h in e se  map d e p ic t e d  th e  oceans  and
2
r i v e r s  a s  e l e m e n ta l  m ercu ry .  M ed ieva l  a l c h e m i s t s  l i k e  P a r a c e l s u s
b e l i e v e d  t h a t  a l l  m e ta l s  began as  l i q u i d  m ercury  and t h a t  m ercury
c o u ld  be t r a n s m u te d  i n t o  o t h e r  m e ta l s  by a p p l i c a t i o n  o f  f i r e  and
t h e  m a g ic a l  p h i l o s o p h e r ’s s t o n e . ^  M ercury was used  from the
f i f t e e n t h  c e n tu r y  u n t i l  t h e  e a r l y  t w e n t i e t h  c e n tu r y  as  a  t r e a tm e n t
f o r  s y p h i l i s .  The t r e a tm e n t  o f t e n  r e s u l t e d  i n  s e v e r e  m ercury
4p o i s o n in g  of p a t i e n t  and p h y s i c i a n .
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M ercury has  u n iq u e  c h e m ic a l  and p h y s i c a l  p r o p e r t i e s .  I t  i s
t h e  o n ly  m e ta l  w hich  i s  l i q u i d  below 0°C and i s  th e  on ly  e le m e n t ,
4
o t h e r  th a n  b rom ine , l i q u i d  a t  25°C. M ercury v a p o r  and th e  n o b le
4
g a s e s  a r e  t h e  on ly  e le m e n ts  w hich a r e  monatomic a t  25°C. M ercury 
h a s  a h ig h  vapo r  p r e s s u r e  (173  mPa a t  20°C ) ,  h ig h  d e n s i t y  ( 1 3 .5  
g/cm  a t  20°C ), h ig h  s u r f a c e  t e n s i o n ,  h ig h  th e rm a l  c o n d u c t i v i t y  
and low e l e c t r i c a l  r e s i s t i v i t y . ^  E le m e n ta l  m ercury  i s  rem ark ab ly
s o l u b l e ,  f o r  a m e ta l ,  i n  p o l a r  and n o n p o la r  s o l v e n t s .  I t s
8 7s o l u b i l i t y  i n  w a te r  i s  ab o u t  0 .6  ppb and i n  b e n z en e ,  2 ppm. At
o r d i n a r y  t e m p e r a t u r e s ,  m erc u ry  does  n o t  r e a c t  w i th  a i r .  On
h e a t i n g ,  m ercu ry  w i l l  f i r s t  a b s o rb  oxygen from th e  a i r  and th e n
r e l e a s e  i t .  T h is  r e a c t i o n  was used  by L a v o i s i e r  and P r i e s t l e y  i n
g
e a r l y  s t u d i e s  of oxygen . The o u t e r  e l e c t r o n i c  c o n f i g u r a t i o n  of 
10 2m ercu ry  i s  5d 6s , and m ercu ry  e x i s t s  i n  2+, 1+  and low p a r t i a l  
o x i d a t i o n  s t a t e s  such  a s  0 .3 3 + .  I t s  c h e m is t r y  d i f f e r s  
s i g n i f i c a n t l y  from t h a t  of i t s  hom ologs ,  Zn and Cd. U n lik e  most 
m e t a l s ,  m ercu ry  forms c o v a le n t  r a t h e r  th a n  i o n i c  bonds;  f o r  
ex a m p le ,  t h e  h a l i d e  s a l t s  a r e  p r a c t i c a l l y  n o n - io n i z e d  and 
a lk y lm e r c u r y  compounds a r e  n o t  a f f e c t e d  by w a t e r ,  a i r ,  weak a c i d s  
and b a s e s .  ^ The s t a b i l i t y  o f  th e  m e rc u ry -c a rb o n  bond i s  due 
m a in ly  t o  th e  low a f f i n i t y  o f  m ercu ry  f o r  o x y g en .^
b . The B io g e o c h em lc a l  C y c le  o f  M ercury
i .  S ou rces
M ercury i s  found  p r i n c i p a l l y  i n  th e  form o f  c i n n a b a r ,  
m e r c u r ic  s u l f i d e ,  i n  S p a in ,  Y u g o s l a v ia ,  I t a l y ,  C a l i f o r n i a ,  Mexico
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2 4and Peru* '  M ercury  i s  p r e s e n t  i n  f o s s i l  f u e l s  and b u r n in g  of 
c o a l  and o i l  i s  an im p o r ta n t  s o u rc e  o f  m ercu ry  i n  th e  e n v iro n m e n t .
The t o t a l  r e l e a s e  o f  m ercu ry  i n t o  th e  e n v iro n m en t  from  human
3 4
s o u r c e s  has  been e s t i m a t e d  a t  20 x 10 m e t r i c  t o n s / y r .  For th e
y e a r  1973, t o t a l  m ercu ry  l o s s e s  to  th e  en v iro n m en t  i n  th e
6
c o te rm in o u s  USA have been e s t i m a t e d  t o  be 1525 x 10 g from
6 6 
i n d u s t r i a l  s o u r c e s ,  46 x  10 g from  sewage and 1019 x  10 g from
9
n a t u r a l  s o u r c e s .
M ercury and i t s  compounds a r e  used  as c a t a l y s t s ,  i n
e l e c t r i c a l  a p p a r a t u s ,  l a b o r a t o r i e s ,  i n d u s t r i a l  i n s t r u m e n t s  and
2 ,9 ,1 0
p h a r m a c e u t i c a l s .  M ercury  compounds, e s p e c i a l l y  o r g a n o -
m ercu ry  compounds, a r e  used  a s  f u n g i c i d e s  and b a c t e r i c i d e s  in
p a i n t ,  c o s m e t i c s ,  h o u se h o ld  p r o d u c t s  and g r a i n  and seed  
2,10
d r e s s i n g s .  Over o n e - h a l f  of t h e  t o t a l  w o r ld  c o n su m p tio n  of
m ercu ry  i s  u sed  i n  t h e  p r o d u c t i o n  of c h l o r i n e  and c a u s t i c  soda  by
2 ,10
t h e  m ercu ry  c e l l  e l e c t r o l y s i s  o f  b r i n e .  C o n s e q u e n t ly ,  many of
th e  p r o d u c t s  and c h e m ic a ls  p r e p a r e d  from c h l o r i n e  and c a u s t i c  soda 
can  be c o n ta m in a te d  w i t h  m e rc u ry .  C h l o r i n a t e d  d r i n k i n g  w a te r  i s  
j u s t  one exam ple .
M ercury  can  e n t e r  t h e  e n v iro n m en t  from  a l l  t h e s e  human 
s o u r c e s  a s  w e l l  a s  from n a t u r a l  e m i s s io n s .  R a is e d  a tm o s p h e r ic  
m ercu ry  l e v e l s  have been  found  i n  i n d u s t r i a l  a r e a s  from  f o s s i l
4
f u e l  b u r n in g  and i n  r u r a l  a r e a s  from  u s e  of m e r c u r i a l  f u n g i c i d e s .  
M ercury  p o l l u t i o n  of w a te r  has  o c c u r r e d  e x t e n s i v e l y  from  
i n d u s t r i a l  d i s c h a r g e s  ( i n  J a p a n ,  C anada , and th e  U . S . ) ,  from
XXX
a g r i c u l t u r a l  r u n o f f  ( i n  S c a n d a n a v ia )  and from  m ercury  s l i m i c i d e s
u se d  i n  wood p u lp  and paperm aking  ( i n  th e  U .S . and S c a n d a n a v ia ) .
L o u i s ia n a  i s  c o n s id e r e d  t o  be one of th e  "h o t  s p o t s "  of m ercury
e m is s io n  i n  th e  U. S . , w i th  84% o f  th e  m ercu ry  i n  w a te r  and 50% o f
9
t h e  m ercury  i n  a i r  due t o  man-made d i s c h a r g e s .
i i .  C hem ical Forms and T r a n s f o r m a t io n
M e t a l l i c  m ercu ry ,  i n o r g a n i c  and o r g a n ic  m ercury  
compounds a r e  r e l e a s e d  i n t o  th e  e nv ironm en t from n a t u r a l  and 
man-made s o u r c e s .  These compounds can be v a p o r i z e d  from th e  
e a r t h ' s  s u r f a c e  and r e d e p o s i t e d  by r a i n .  A l l  form s of m ercury  can 
be t r a n s fo r m e d  c h e m ic a l ly  and b i o l o g i c a l l y  i n  th e  e n v iro n m e n t ,  
g iv in g  r i s e  to  a " b io g e o c h e m ic a l"  m ercury  c y c l e . ^
M e t a l l i c  m ercury  i s  o x id iz e d  i n  w a te r  to  m e r c u r ic  io n .  
M e rc u r ic  io n  can undergo  a v a r i e t y  o f  r e a c t i o n s .  I t  can  be 
p r e c i p i t a t e d  as  m e r c u r ic  s u l f i d e ,  e s p e c i a l l y  i n  a n a e r o b ic  e n v i r o n -
4
m en ts .  I t  can  be re d u c e d  t o  m ercurous i o n  o r  m e t a l l i c  m ercu ry ,  a 
p r o c e s s  w hich  can be a id e d  by b a c t e r i a . ^  M ercurous io n  can  
d i s p r o p o r t i o n a t e  t o  g iv e  m e r c u r ic  io n  and m e t a l l i c  m erc u ry .  A ry l 
and  a lk o x y a l k y l  m ercury  compounds decompose to  r e l e a s e  i n o r g a n i c
4
m e r c u r i c  i o n .
M e rc u r ic  io n  can be m e th y la te d  b i o l o g i c a l l y  t o  form mono­
m e th y l  o r  d im e th y lm e rc u ry .  T h is  r e a c t i o n  i s  e s p e c i a l l y  im p o r ta n t
b e c au se  a lk y l r a e rc u ry  compounds a r e  much more t o x i c  t h a n  i n o r g a n i c  
12m e r c u r i a l s .  M e th y la t io n  o f  m ercury  by b a c t e r i a  may o c c u r  in  
s e d im e n ts  of f r e s h  or c o a s t a l  w a te r s  unde r  b o th  a e r o b i c  and
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12-15a n a e r o b ic  c o n d i t i o n s .  M e th y la t io n  i s  b e l i e v e d  to  In v o lv e
r e a c t i o n  of th e  m ercury  w i th  V itam in  B.^ * a m ethy l  d o n o r ,  and th e
12pathw ays r e s p o n s i b l e  f o r  m e th io n in e  b i o s y n t h e s i s .  Monomethyl
m ercu ry  i s  form ed f i r s t  and may be c o n v e r te d  t o  d im e th y lm e rc u ry ,
w hich  i s  v o l a t i l e  and d i f f u s e s  r e a d i l y  i n t o  th e  a tm o sp h e re .
Monomethyl m ercury  i n  w a te r  i s  most l i k e l y  to  be a b s o rb e d  and
c o n c e n t r a t e d  by f i s h ,  s i n c e  i t  i s  e x t r e m e ly  l i p o s o l u b l e  and no t
e a s i l y  excreted."*"^ L e v e ls  o f  more th a n  1 mg m e th y lm e rc u ry /k g  f i s h
4 ,1 0
have been fo u n d .  B i o l o g i c a l  a c c u m u la t io n  of m ethy lm ercu ry  i n
f i s h  may l e a d  t o  th e  a c c u m u la t io n  of m e thy lm ercu ry  in  a n im a ls
10
h i g h e r  up i n  t h e  food  c h a in .
i l l .  Normal L e v e ls  o f  M ercury i n  t h e  E nvironm ent
"Normal" l e v e l s  of m ercu ry  i n  th e  en v iro n m en t a r e
d i f f i c u l t  t o  d e te rm in e  be c au se  o f  th e  u b i q u i t o u s  n a tu r e  o f  m ercury
2
and i t s  many s o u r c e s .  I n  many a r e a s ,  man-made d i s c h a r g e s  have
2
r a i s e d  m ercu ry  l e v e l s  f a r  above n a t u r a l  l e v e l s .  Sample c o l l e c ­
t i o n  and a n a l y t i c a l  m ethods can  a l s o  d r a s t i c a l l y  a f f e c t  th e
m easured  m ercury  c o n te n t  of e n v i r o n m e n ta l  sam ples  ( v id e  i n f r a ) .
2
The f o l lo w in g  d a ta  g iv e  some id e a  of m ercury  l e v e l s  found
th ro u g h o u t  t h e  w o r ld :  20-150 ppb Hg i n  norm al s o i l  (mean ■ 70
3
p p b ) ;  2 -10  ng Hg/m i n  a i r ;  0 .0 5 - 0 .4 8  ppb Hg i n  r a i n w a t e r  (mean = 
0 .2  p p b ) ;  0 . 0 1 - 0 .1  ppb Hg i n  norm al f r e s h  s u r f a c e  and ground w a te r  
(mean = 0 .0 4  p p b ) ;  and 0 .0 0 5 - 5 .0  ppb i n  o cean  w a te r  (mean “ 0 .1  
P p b ) .
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The a v e ra g e  d a i l y  i n t a k e  of m ercury  f o r  a n o n - o c c u p a t i o n a l l y -
ex p o sed  p o p u l a t i o n  dependa on th e  e x t e n t  o f  m ercury  c o n ta m in a t io n
i n  t h e  l o c a l  a rea*  E s t im a t e s  ran g e  from ab o u t  2 pg H g/day in
u n p o l l u t e d  a r e a s  t o  ab o u t  50 pg Hg/day i n  i n d u s t r i a l  a r e a s ,  w i th
1 -30  pg Hg from  a i r  e x p o s u r e ,  0 . 1 - 1 . 4  pg Hg from w a te r  and 1-20  g 
4 ,10
Hg from  fo o d .
c .  T o x i c i t y  o f  M ercury
The t o x i c  e f f e c t s  of m ercury  depend upon th e  c h e m ica l  form 
o f  th e  m ercu ry  and th e  r o u t e  o f  e x p o s u re .  ^ ®’^  The most common 
r o u t e s  o f  e x p o su re  a r e  i n h a l a t i o n ,  i n g e s t i o n  and a b s o r p t i o n  
th r o u g h  th e  s k i n .  M ercury  v a p o r  i s  e x t r e m e ly  v o l a t i l e  and l i p i d  
s o l u b l e .  I t  i s  r e a d i l y  a b s o rb e d  a c r o s s  t h e  a l v e o l a r  membrane when 
i n h a l e d . ^ -® E le m e n ta l  m ercury  i s  n o t  a b s o rb e d  from th e  g a s t r o ­
i n t e s t i n a l  t r a c t ;  i n  c o n t r a s t ,  a b o u t  10% o f  i n g e s t e d  m e rc u r ic  
compounds and 95% o f  i n g e s t e d  m e th y lm e rc u r ie  compounds a re  
absorbed.'* '®
In  t h e  body, m erc u ry  a c c u m u la te s  i n  th e  b r a i n ,  k id n e y  and 
h a i r .  The b i o l o g i c a l  h a l f - l i f e  v a r i e s  w i th  th e  o rg an  c o n s id e r e d  
and t h e  c h e m ic a l  form o f  m ercu ry  i n  q u e s t i o n .  E s t im a te s  o f  th e  
w ho le -body  h a l f - l i f e  o f  m ercu ry  ran g e  from 58 to  190 d a y s .* ^  ^® 
M ercury a c t s  a s  a p o t e n t  enzyme i n h i b i t o r ,  p r o t e i n  p r e c i p i t a n t  and 
c o r r o s i v e  a g e n t .  I t  h a s  g r e a t  a f f i n i t y  f o r  s u l f h y d r y l ,  p h o s -  
p h o r y l ,  c a r b o x y l ,  amide and amine g r o u p s . ’’
The c h a r a c t e r i s t i c  f e a t u r e s  o f  m ercu ry  v a p o r  p o is o n in g  a re  
g i n g i v i t i s ,  s a l i v a t i o n ,  t re m o r  and e re th is m .^ ®  E re th i s m  i s  a
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m e n ta l  d i s t u r b a n c e  p e c u l i a r  to  m ercury  p o i s o n in g  and i s  c h a r a c t e r
l z e d  by abnorm al s h y n e s s ,  b l u s h i n g ,  i n d e c i s i o n ,  o v e r - r e a c t l o n  to
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c r i t i c i s m  and w eep in g .  Acute p o i s o n in g  by i n o r g a n i c  m ercury  
s a l t s  can  r e s u l t  in  s e v e r e  c o r r o s i o n  of th e  g a s t r o i n t e s t i n a l  
t r a c t ,  a c u t e  r e n a l  f a i l u r e ,  and sudden  d e a t h . ^  M ethy lm ercury  
p o i s o n in g  has  been th e  s u b j e c t  o f  c o n s i d e r a b l e  r e s e a r c h  work 
f o l l o w i n g  th e  m ass iv e  p o i s o n in g s  i n  M inam ata, J a p a n  ( 1 9 5 0 ' s ) ,  
N i i g a t a ,  J a p a n  ( 1 9 6 0 ' s ) ,  I r a q  ( 1 9 7 0 ' s )  and  a round  th e  G rea t  Lakes 
U .S . and Canada ( 1 9 6 0 ' s ) . ^  In  Ja p a n  and th e  G re a t  Lakes a r e a ,  
m e th y lm e rc u ry  p o i s o n in g  o c c u r r e d  among a f i s h i n g  p o p u lac e  who 
consumed c o n ta m in a te d  f i s h .  L o c a l  f i s h  had a c cu m u la te d  m e th y l ­
m ercu ry  from  b io m e th y la te d  i n o r g a n i c  m ercury  d i s c h a r g e d  i n  
i n d u s t r i a l  w a s t e .  I n  I r a q ,  p o i s o n in g  o c c u r r e d  when g r a i n  t r e a t e d  
w i th  a lk y lm e r c u ry  f u n g ic i d e  was made i n t o  b rea d  and e a t e n  i n s t e a d  
o f  b e in g  p l a n t e d .  Symptoms of a lk y lm e r c u ry  p o i s o n in g  in c lu d e  
c e n t r a l  n e rv o u s  sy s tem  d i s o r d e r s ,  im pa irm en t  of m otor f u n c t i o n s ,
v i s u a l  p ro b le m s ,  l o s s  of h e a r i n g ,  e x c e s s i v e  s w e a t in g  and
_  1 . 2 , 4 , 1 0
s a l i v a t i o n .
d .  B i o l o g i c a l  I n d i c a t o r s  o f  M ercury Exposure
To f a c i l i t a t e  a r e l i a b l e  i n t e r p r e t a t i o n  of th e  e f f e c t s  of 
m ercu ry  on th e  human body, a b i o l o g i c a l  in d e x  of e x p o s u re  to  
m ercu ry  i s  n e e d ed .  M ercury c o n c e n t r a t i o n s  i n  b i o l o g i c a l  t i s s u e s  
have p ro v id e d  one b a s i s  f o r  c l i n i c a l  d i a g n o s i s  of e x p o su re  to  
m ercu ry .  M ercury  l e v e l s  i n  b lo o d ,  u r i n e ,  f e c e s ,  h a i r ,  n a i l  and 
i n t e r n a l  o rg an  t i s s u e  have  been shown to  r e f l e c t  b o th  endogeneous
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and exogeneous  e x p o su re  t o  m ercury  i n  many c h e m ic a l  fo rm s .
S e v e r a l  f a c t o r s  must be c o n s id e r e d  i n  c h o o s in g  a t i s s u e  t o  
s e rv e  a s  a b i o l o g i c a l  in d e x  o f  e x p o su re  f o r  r o u t i n e  a n a l y s i s .  
S u c c e s s f u l  b i o l o g i c a l  m o n i to r in g  r e q u i r e s  e s t a b l i s h m e n t  of normal 
l e v e l s  o f  m ercu ry  i n  t h e  i n d i c a t o r  t i s s u e .  The t i s s u e  sh o u ld  
r e f l e c t  a c c u r a t e l y  b o th  a c u te  and c h r o n ic  e x p o su re  t o  m ercu ry ;  
t h a t  i s ,  t h e r e  must be a d i r e c t  r e l a t i o n s h i p  betw een  e x p o su re  and 
m ercury  c o n c e n t r a t i o n  i n  th e  t i s s u e .  The t i s s u e  s h o u ld  be r e a d i l y  
a v a i l a b l e ,  e a s i l y  c o l l e c t e d  and e a s i l y  s t o r e d .  The t i s s u e  sh o u ld  
be as  homogeneous a s  p o s s i b l e .  The a n a l y t e  s h o u ld  be a s  concen­
t r a t e d  a s  p o s s i b l e  i n  t h e  t i s s u e ,  so t h a t  o n ly  a few m i l l i l i t e r s  
o r  m i l l i g r a m s  of sample a r e  r e q u i r e d  f o r  a n a l y s i s .  Based on th e s e  
c r i t e r i a ,  i t  can  be s e e n  t h a t  i n t e r n a l  o rgan  t i s s u e  i s  i m p r a c t i c a l  
f o r  use  i n  r o u t i n e  b i o l o g i c a l  m o n i to r in g .
The c o m p o s i t io n  of f e c e s  i s  a f f e c t e d  by many v a r i a b l e s  and 
v a r i e s  s i g n i f i c a n t l y  even  unde r  s i m i l a r  c o n d i t i o n s  o f  e x p o s u re .  
F e c a l  m a t t e r  does  n o t  meet t h e  r e q u i r e m e n ts  s t a t e d  above f o r  a 
good b i o l o g i c a l  in d e x  o f  e x p o s u re .
The spec im ens  most commonly u sed  f o r  r o u t i n e  c l i n i c a l  
a n a l y s i s  of m ercu ry  c o n c e n t r a t i o n s  i n  t h e  body a r e  b lo o d ,  u r i n e ,  
a n d ,  t o  a much l e s s e r  e x t e n t ,  h a i r .  The e s t i m a t i o n  of "no rm al"  
m ercu ry  l e v e l s  i n  t h e s e  t i s s u e s  from p u b l i s h e d  d a ta  i s  no t an easy  
t a s k .  "Normal" i s  t a k e n  t o  mean n o t  o c c u p a t i o n a l l y  e xposed  to  
m erc u ry .  C o n s id e ra b le  v a r i a t i o n  i n  norm al l e v e l s  o f  m ercu ry  i n  
t i s s u e  h a s  been  r e p o r t e d  and f r e q u e n t l y  th e  s t u d i e s  do n o t  c o n ta i n
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enough I n f o r m a t io n  to  a l lo w  com parison  of r e s u l t s *  D i f f i c u l t i e s
a r i s e  from many s o u r c e s .  M ercury  l e v e l s  i n  t i s s u e s  a r e  v e ry  low
(<1 ppm H g ) , o f t e n  n e a r  t h e  d e t e c t i o n  l i m i t  o f  th e  a n a l y t i c a l
method em ployed . M ercury c o n c e n t r a t i o n s  i n  a g iv e n  t i s s u e  v a ry
w i th  th e  c h e m ic a l  form o f  e x p o s u re ;  f o r  ex am p le ,  u r in e  m ercury
l e v e l s  r e f l e c t  i n o r g a n i c  m ercu ry  e x p o s u re ,  n o t  a lk y lm e r c u ry  
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e x p o s u r e .  Wide d i u r n a l  and d a y - to - d a y  f l u c t u a t i o n s  i n  u r in e  and
b lood  m ercury  c o n c e n t r a t i o n s  have been r e p o r t e d  w hich  were
22in d e p e n d e n t  of e x p o s u re .  U n suspec ted  e x p o su re  to  m ercu ry  may 
o c c u r  t h ro u g h  c i g a r e t t e  sm oking, d e n t a l  work o r  m ed ic a l  
t r e a t m e n t .
An i n t e r n a t i o n a l  s tu d y  co n d u c te d  by th e  World H e a l th
O r g a n iz a t i o n  (WHO) m easured  m ercury  c o n c e n t r a t i o n s  i n  whole b lood
and u r i n e  from  n o n - o c c u p a t i o n a l l y  exposed  s u b j e c t s  i n  f i f t e e n  
23 24c o u n t r i e s .  * S e v e n ty - s e v e n  p e rc e n t  of th e  whole b lood  sam ples 
c o n ta i n e d  l e s s  t h a n  5 ppb Hg and 95% had l e s s  th a n  30 ppb . 
D i f f e r e n c e s  were found i n  b lood  m ercury  l e v e l s  betw een c o u n t r i e s ,  
b u t  no d i f f e r e n c e s  due t o  a g e ,  s e x ,  o r  r e s i d e n c e  (u rb a n  o r  r u r a l ) .  
WHO p ro p o se d  t h a t  30 ppb be r e g a r d e d  a s  th e  upper  "norm al"  l i m i t  
f o r  m ercu ry  i n  whole b lo o d .  S e v e n ty -n in e  p e r c e n t  of th e  u r in e  
sa m p le s  had l e s s  th a n  0 .5  ppb Hg and 95% had l e s s  th a n  20 ppb . No 
d i f f e r e n c e  was found w i th  r e s p e c t  to  a g e ,  sex  o r  r e s i d e n c e  (u rb a n  
o r  r u r a l ) .  WHO p ro p o se d  t h a t  20 ppb be re g a rd e d  as  th e  upper  
"no rm al"  l i m i t  f o r  m ercu ry  i n  u r in e *  C o n s id e r a b l e  v a r i a t i o n  has 
been  r e p o r t e d  on m ercury  l e v e l s  i n  h a i r  of n o n - o c c u p a t i o n a l l y  
exposed  s u b j e c t s .  R e p o r te d  c o n c e n t r a t i o n s  r a n g e  from 0 .1  to  34
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ppm Hg, w i th  mean v a lu e s  of 2-8  ppm Hg.
2 .  A n a l y t i c a l  P rob lem s I n  t h e  D e te rm in a t io n  o f  M ercury
A n a ly s i s  of b i o l o g i c a l  and e n v i r o n m e n ta l  sam ples f o r  m ercury  
p r e s e n t s  s e v e r a l  p ro b le m s ,  r e g a r d l e s s  of th e  a n a l y t i c a l  t e c h n iq u e  
e m p l o y e d . ^
The c o n c e n t r a t i o n  o f  m ercu ry  i n  t h e s e  sam ples  i s  u s u a l l y  v e ry  
low (<ppm l e v e l s ) .  D e t e c t io n  of t h i s  v e ry  s m a l l  amount I s  th e  
e n d -p r o d u c t  of a s e r i e s  of s t e p s :  c o l l e c t i o n ,  s t o r a g e ,  sub ­
s a m p l in g ,  and c h e m ic a l  t r e a tm e n t  f o r  s e p a r a t i o n  or c o n c e n t r a t i o n  
25o f  th e  m erc u ry .  At e a c h  s t e p ,  e r r o r s  can be i n t r o d u c e d .
R e a g e n ts  u sed  i n  c h e m ic a l  t r e a t m e n t ,  even  ACS-grade r e a g e n t s ,
o f t e n  c o n ta i n  m ercury  c o n c e n t r a t i o n s  i n  e x c e s s  of t h o s e  i n  the  
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sa m p le .  * Berman found  t h a t  r e a g e n t  b la n k s  f o r  th e  c o ld  vapo r  
a to m ic  a b s o r p t i o n  s p e c t r o s c o p y  (CV-AAS) d e t e r m i n a t i o n ,  p r e p a r e d  
from  ACS-grade c h e m i c a l s ,  c o n ta in e d  betw een 0 .1 2 - 0 .2 0  ppm Hg.
N eu tron  a c t i v a t i o n  a n a l y s i s  (NAA) o f  h i g h - p u r i t y  HNO^ showed a
* ^ 26 m ercu ry  c o n te n t  of a b o u t  1 ppb.
Loss of m ercu ry  compounds by v o l a t i l i z a t i o n  d u r in g  sample
d i g e s t i o n ,  c o n c e n t r a t i o n  and s o lv e n t  e v a p o r a t i o n  i s  a  s e v e r e
p ro b le m . Samples f o r  m ercu ry  d e t e r m i n a t i o n  s h o u ld  no t be a s h e d ,
27e v e n  w i th  a lo w - te m p e r a tu r e  p la sm a ,  and s h o u ld  no t be h e a te d
w i th o u t  a c o n d e n se r  on th e  v e s s e l .  In co m p le te  s o lv e n t  e x t r a c t i o n
o r  In co m p le te  o x i d a t i o n  o f  t h e  sam ple m a t r ix  can  c au se  l o s s  of 
25m e rc u ry .
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C o l l e c t i o n  and s t o r a g e  of sam ples can i n t r o d u c e  l a r g e  s c a l e
28c o n ta m in a t io n  or l o s s  o f  m e rc u ry .  M ercury  i s  r a p i d l y  l o s t  from
29d i l u t e  aqueous  s o l u t i o n s .  R o sa in  and Wai o b se rv e d  s e v e r e  l o s s e s
o f  m ercu ry  from  aqueous  s o l u t i o n s  a t  pH 2 and 7 i n  p o l y e t h y l e n e ,
p o l y v in y l  c h l o r i d e  and g l a s s  c o n t a i n e r s .  The h a l f - l i f e  o f  26 ppb
Hg s t o r e d  unde r  th o s e  c o n d i t i o n s  was 2-4  d a y s .  A c i d i f i c a t i o n  to
30pH 0 .5  p r e v e n te d  th e  l o s s .  Feldman found l o s s e s  o f  m ercury  (ppb  
l e v e l )  from  g l a s s  and p o ly e t h y le n e  c o n t a i n e r s  d e s p i t e  a c i d i f i c a ­
t i o n  and a d d i t i o n  of p e rm a n g a n a te .  He o b ta in e d  r e l i a b l e  s to r a g e  
o f  m ercu ry  s o l u t i o n s  i n  p o ly e th y le n e  by a d d i t i o n  of 0.05% I^Cr^O^ 
and 5% HNO^• L each ing  o f  b o t t l e s  w i th  c o n c e n t r a t e d  n i t r i c  a c id  
f o r  16 h o u rs  was r e p o r t e d  to  s t a b i l i z e  s t o r e d  m ercury  s o l u t i o n s :  
85.9% o f  added m ercury  was r e c o v e r e d  a f t e r  14 days  i n  t r e a t e d
b o t t l e s  v e r s u s  33.3% r e c o v e r e d  a f t e r  l 4  days i n  u n t r e a t e d  
26b o t t l e s .  A wide v a r i e t y  o f  p r e s e r v a t i v e  sy s tem s  and sample
2 8c o n t a i n e r s  has  been s t u d i e d ;  r e s u l t s  a r e  v e r y  c o n t r a d i c t o r y .  In
g e n e r a l ,  m ercu ry  can be le a c h e d  i n t o  s o l u t i o n  from th e  l a b o r a t o r y
2 6 ,3 1a i r  o r  c o n t a i n e r  m a t e r i a l s .  M ercury can  be l o s t  to  c o n t a i n e r
w a l l s  by a d s o r p t i o n  or re d u c e d  by t r a c e s  o f  r e d u c in g  a g e n t s  in
s o l u t i o n ,  w i th  d i f f u s i o n  o f  m ercu ry  v a p o r  o u t  of th e
26 31 c o n t a i n e r .  *
Blood c o l l e c t i o n  t u b e s  can  be c o n ta m in a te d  w i th  m ercury  i n
32t h e  added  a n t i c o a g u l a n t  or i n  t h e  ru b b e r  s t o p p e r .  Blood c o l l e c ­
t i o n  can r e s u l t  i n  c o n ta m in a t io n  from th e  s k in  o r  s y r in g e *
M ercury l o s s  from b lood  can  o c c u r  by am a lg am a tio n  w i th  th e  m e ta l
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32s y r i n g e  n e e d le .
33W eiss and Chew r e p o r t e d  a  30% l o s s  of Induced  a c t i v i t y  (12%
t o  th e  w a l l s  o f  th e  p o ly e th y le n e  v i a l )  d u r in g  i r r a d i a t i o n  f o r  NAA
o f  u n a c i d i f i e d  aqueous m ercu ry  s o l u t i o n s .  Loss o c c u r r e d  by b o th
a d s o r p t i o n  and v o l a t i l i z a t i o n .  T h is  c o u ld  cause  s e r i o u s  e r r o r s  i n
m ercury  d e t e r m i n a t i o n s  by NAA.
B i o l o g i c a l  sam ples  a r e  complex m a t r i c e s .  M a tr ix  e f f e c t s  a r e
v e ry  p ronounced  i n  some a n a l y t i c a l  t e c h n i q u e s .  The e f f i c i e n c y  of
a to m ic  e m is s io n  and f l u o r e s c e n c e  i s  h e a v i l y  m a t r ix - d e p e n d e n t .  The
m a t r ix  may cause  d i r e c t  a n a l y t i c a l  i n t e r f e r e n c e s .  M o le c u la r
a b s o r p t i o n  of th e  a to m ic  a b s o r p t i o n  l i g h t  so u rc e  i s  one exam ple .
25N a t u r a l  c h e l a t i n g  a g e n t s  i n  t h e  sample can  p r e v e n t  l i q u i d - l i q u i d
e x t r a c t i o n  of m ercu ry  o r  r e a c t i o n  w i th  a c o l o r i m e t r i c  r e a g e n t .
B a c t e r i a l  a c t i o n  and t i s s u e  d e c o m p o s i t io n  may cause  v o l a t i l i z a t i o n
25o r  a  change i n  t h e  c h e m ic a l  form  o f  m ercu ry  d u r in g  s t o r a g e .
M ercury  can e x i s t  i n  s e v e r a l  c h e m ic a l  form s i n  b i o l o g i c a l
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s a m p le s ;  i n  some s a m p le s ,  m e th y lm e rc u ry  i s  t h e  p redom inan t  form . 
The a n a l y t i c a l  method must t a k e  a l l  t h e  form s of m ercu ry  i n t o  
a c c o u n t .  T h is  i s  a d i f f i c u l t  t a s k  b ecause  th e  e x a c t  ch e m ica l  
form  o f  m ercu ry  i n  t h e s e  sam p les  i s  n o t  known.
F i n a l l y ,  t h e  method employed must be s e n s i t i v e  enough to  
d e t e c t  th e  t r a c e  m ercu ry  l e v e l s  commonly found i n  b i o l o g i c a l  
s a m p le s .  I n  p r i n c i p a l ,  one j u s t  h a s  to  t a k e  a  l a r g e  enough sample 
i n  o r d e r  t o  d e t e c t  m ercury  w i th  any a n a l y t i c a l  m ethod. In  
p r a c t i c e ,  b i o l o g i c a l  sam ples  a r e  a v a i l a b l e  i n  l i m i t e d  q u a n t i t i e s ,
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u s u a l l y  a few m i l l i l i t e r s  o r  m i l l i g r a m s ,  so a s e n s i t i v e  method i s  
r e q u i r e d .
3 .  Common A n a l y t i c a l  Methods f o r  t h e  D e te rm in a t io n  o f  M ercury
a .  G e n e ra l  C o n s i d e r a t i o n s
A l l  a n a l y t i c a l  m ethods i n  c u r r e n t  use  f o r  th e  d e te r m in a ­
t i o n  o f  m ercu ry  i n  b i o l o g i c a l  sam ples  r e q u i r e  th e  s e p a r a t i o n  of 
m ercu ry  from th e  m a t r ix .  Some of th e  s e p a r a t i o n  m ethods which
have been employed f o r  m ercury  a r e  s o lv e n t  e x t r a c t i o n ,  amalgama-
25 27t i o n ,  c a rb o n  a d s o r p t i o n ,  l i q u i d  a b s o r p t i o n  and io n -e x c h a n g e .  ’
S o lv e n t  e x t r a c t i o n  i s  used  f o r  s e p a r a t i n g  and c o n c e n t r a t i n g
o r g a n i c  m ercury  compounds from  aqueous s o l u t i o n .  Benzene or
t o lu e n e  a r e  used  t o  e x t r a c t  a l k y l  and a r y l  m ercury  compounds from
34w a te r  p r i o r  to  gas  c h ro m a to g ra p h ic  a n a l y s i s .  C o l o r i m e t r i c
a n a l y s i s  by th e  d i t h i z o n e  method r e q u i r e s  e x t r a c t i o n  of th e
21m e r c u r y - d i t h i z o n a t e  i n  CHCl^ o r  C C l^ . E x t r a c t i o n  e f f i c i e n c y  i s  
an  im p o r ta n t  c o n s i d e r a t i o n ,  s i n c e  m ercury  r e c o v e re d  by r e p e a te d  
e x t r a c t i o n s  may be l o s t  i f  s o lv e n t  e v a p o r a t i o n  of th e  combined
,  .  25e x t r a c t s  i s  r e q u i r e d .
Am algam ation o f  m ercu ry  v a p o r  w i th  s i l v e r  o r  g o ld  has  been 
u se d  w id e ly  t o  t r a p  and c o n c e n t r a t e  m ercury  r e l e a s e d  by com bus t ion  
and r e d u c t i o n - a e r a t i o n  o f  b i o l o g i c a l  s a m p le s .  Gold o r  s i l v e r -
25c o a te d  g r i d s ,  f r i t s ,  b ead s  and pu re  m e ta l  w ools  have been  u se d .
M ercury has  been c o l l e c t e d  from s o l u t i o n  by am algam ation  o n to  a
35 36
s i l v e r  w i r e  or by e l e c t r o d e p o s i t i o n  o n to  a co p p e r  c a th o d e .  * 
Amalgamated m ercu ry  i s  r e l e a s e d  ( u s u a l l y  i n t o  an a to m ic  a b s o r p t i o n
x l
c e l l )  by h e a t i n g .
C arbon  a d s o r p t i o n  h a s  been  used  t o  t r a p  and c o n c e n t r a t e
37m ercu ry  r e l e a s e d  by th e  r e d u c t l o n - a e r a t i o n  p r o c e d u r e .  V o l a t i ­
l i z e d  m ercu ry  has  a l s o  been  c o l l e c t e d  In  a c i d i c  pe rm angana te  
s o l u t i o n . ^
Io n  exchange  o c c u r s  a s  t h e  r e s u l t  o f  th e  r e l a t i v e  a f f i n i t y  of
a g iv e n  io n -e x c h a n g e  r e s i n  f o r  p a r t i c u l a r  i o n s .  Anion exchange
r e s i n - l o a d e d  f i l t e r  p ap e r  has  been  used  to  remove m ercury  from
39w a te r  f o r  n e u t r o n  a c t i v a t i o n  a n a l y s i s .  M ercury  c o l l e c t e d  on a
c h e l a t i n g  r e s i n  was so s t r o n g l y  r e t a i n e d  t h a t  i t  c o u ld  n o t  be 
25e l u t e d .  E x te n s iv e  r e v ie w s  o f  io n -e x c h a n g e  m ethods f o r  I n o r g a n ic
40 41
and o r g a n i c  m e r c u r i a l s  w ere p u b l i s h e d  by F i s h b e l n .  ’
S p e c i f i c  a n a l y t i c a l  t e c h n i q u e s  a r e  c o v e re d  i n  th e  f o l lo w in g  
s e c t i o n s .
b .  G r a v im e t r i c  and M ic r o m e t r ic  Methods
Numerous m ethods have been  used  f o r  th e  g r a v i m e t r i c  
42d e t e r m i n a t i o n  o f  m e rc u ry .  E l e c t r o d e p o s i t i o n  of m ercury  as
m e t a l l i c  m ercu ry  and p r e c i p i t a t i o n  o f  H g ( I I )  a s  t h e  s u l f i d e  a re
42
two o f  t h e  most u s e f u l  t e c h n i q u e s .  For e l e c t r o d e p o s i t i o n  of 
m ercu ry  m e t a l  a g o ld  o r  g o l d - p l a t e d  P t c a th o d e  i s  u s e d .  About 18 
h o u r s  o f  e l e c t r o l y s i s  i s  r e q u i r e d .  Washing and d r y in g  o f  th e  
d e p o s i t  must be done c a r e f u l l y  t o  a v o id  l o s s  o f  m ercu ry  by 
v o l a t i l i z a t i o n .  The d e t e c t i o n  l i m i t  i s  ab o u t  50 x  10 ^ g Hg and 
s i l v e r  i n t e r f e r e s .  Even w i th  c a r e f u l  h a n d l i n g ,  e l e c t r o d e p o s i t i o n  
u s u a l l y  g i v e s  low r e s u l t s .  P r e c i p i t a t i o n  of m ercu ry  as  m e rc u r ic
xli
s u l f i d e  i s  u s e f u l  because  t h e  s u l f i d e  i s  e x t r e m e ly  I n s o l u b l e ;  
s o l u b i l i t y  l o s s e s  a r e  n e g l i g i b l e .  The p r e c i p i t a t e  i s  o f t e n  
c o n ta m in a te d  w i th  a n io n s  such  a s  s u l f i d e  and many m e t a l s  may 
i n t e r f e r e  ( A l ,  Cu, Cd, Zn, Sn, T l ) .  P r e c i p i t a t i o n  t e c h n i q u e s  a re  
a c c u r a t e  f o r  m icrogram  l e v e l s  o f  m ercu ry  bu t a r e  v e ry  t im e -  
consum ing . The sam ples  must be i n  s o l u t i o n  and i n  some c a se s  
( e . g . ,  s u l f i d e  p r e c i p i t a t i o n )  t h e  m ercury  m ust be i n  a s p e c i f i c  
v a le n c e  s t a t e .  T h is  r e q u i r e s  d i g e s t i o n ,  c h e m ic a l  m a n ip u la t io n  and 
c o n c e n t r a t i o n  of b i o l o g i c a l  sam p les  w i th  th e  r i s k  of m ercury  l o s s  
and c o n ta m in a t io n .
M ic ro m e t r ic  d e t e r m i n a t i o n  o f  m ercu ry  was i n t r o d u c e d  by 
43R aaschou and a v a r i a t i o n  was u sed  e x t e n s i v e l y  by Stock44 and 
co w o rk e rs  to  d e te rm in e  ppm l e v e l s  o f  m ercu ry  i n  b i o l o g i c a l  
s a m p le s .  The method c o n s i s t e d  o f  e l e c t r o d e p o s i t i o n  o f  m ercury  
o n to  a w i re  c a th o d e ,  h e a t i n g  o f  th e  w ire  to  v o l a t i l i z e  m ercury  and 
c o l l e c t i o n  of th e  condensed  m ercu ry  i n  a c a p i l l a r y .  The 
c o n d e n s a te  i s  u n i t e d  i n t o  a g lo b u le  and th e  d ia m e te r  of th e  
g l o b u le  m easu red  u n d e r  a  m ic ro s c o p e .  At 20°C, t h e  w e ig h t  of 
m e rc u ry ,  (w ) ,  i n  m ic ro g ra m s ,  i s  r e l a t e d  t o  th e  d i a m e te r ,  ( d ) ,  o f  
t h e  d r o p l e t  i n  m ic ro n s  by th e  fo rm u la
w -  7 .0 9  x  10~6 d 3 (1 )
The method i s  s p e c i f i c  f o r  m ercu ry  and was th e  recommended method 
f o r  d e t e r m i n a t i o n  o f  m icrogram  l e v e l s  of m ercu ry  u n t i l  th e  m id-  
1 9 6 0 's .
xlii
c .  C o l o r i m e t r i c  Methods
The r e a c t i o n  of m e r c u r ic  Io n  w i th  d l t h l z o n e  t o  form  an
o r a n g e - c o lo r e d  complex In  CHCl^ was th e  p r im a ry  method f o r  th e
d e t e r m i n a t i o n  o f  m ercu ry  I n  b i o l o g i c a l  m a t e r i a l s  u n t i l  th e
deve lopm en t o f  a to m ic  a b s o r p t i o n  s p e c t r o s c o p y  i n  t h e  I 9 6 0 ' s .
O th e r  c o l o r i m e t r i c  r e a g e n t s  u s e f u l  f o r  m ercury  a re  d i - g - n a p h t h y l -
42
t h i o c a r b a z o n e , d i p h e n y l c a r b a z l d e  and phosphom olybdic  a c i d .
A number of m e ta l s  I n t e r f e r e  i n  th e  a n a l y s i s ,  such  as  Ag, Au, 
Cu, Pd , P t ( l l )  and  B i . ^ * ^  Copper i s  e s p e c i a l l y  a  problem  i n  
b i o l o g i c a l  s a m p le s .  The I n t e r f e r e n c e s  can  be masked w i th  EDTA or
/ O
SCN” . B i o l o g i c a l  sam ples  must be w e t - d i g e s t e d ,  w i th  th e  r i s k  of 
m ercu ry  l o s s  th ro u g h  v o l a t i l i z a t i o n .  The m ercury  d l t h l z o n e  
com plex i s  l i g h t - s e n s i t i v e ,  so t h e  c o l o r i m e t r i c  m easurem ents  must 
b^ made r a p i d l y .  The d e t e c t i o n  l i m i t  i s  ab o u t  0 .5  x 10 ^ g Hg 
w i th  a p r e c i s i o n  o f  a b o u t  5%.
C o l o r i m e t r i c  a n a l y s i s  i s  i n e x p e n s i v e ,  s im p le  and more r a p id u  
t h a n  th e  m ic r o m e t r i c  m ethod . The main d i s a d v a n ta g e s  a r e  th e  la c k  
o f  s p e c i f i c i t y  and s e n s i t i v i t y  and th e  c o n s i d e r a b l e  amount of 
s k i l l e d  m anual work needed  f o r  e a c h  a n a l y s i s .  The ch a n ce s  of 
human e r r o r ,  m ercu ry  l o s s  and c o n ta m in a t io n  a r e  g r e a t .
d .  E l e c t r o c h e m ic a l  Methods
42 45P o la r o g r a p h y ,  a n o d ic  s t r i p p i n g  v o l ta m m e try ,  i o n -
s e l e c t i v e  e l e c t r o d e s , ^  and a m p e ro m e tr ic  t i t r a t i o n ^  have been
u se d  t o  d e te rm in e  m ercury  i n  s o l u t i o n .  Gas po rous  e l e c t r o d e s
have been  used  t o  d e t e c t  m ercury  i n  th e  gas phase  by pneum ato-
xliii
48 .49  am perom etry . *
H g ( I )  and H g ( I I )  g iv e  w e l l - d e f i n e d  d i f f u s i o n  c u r r e n t s  a t  th e
42d ro p p in g  m ercury  e l e c t r o d e  and a t  p la t in u m  m i c r o e l e c t r o d e s .  
P o la ro g ra p h y  can be c a r r i e d  o u t  i n  com plex ing  o r  non -com plex ing  
m ed ia .  I n  th e  f i r s t  c a s e ,  s i l v e r  and i r o n  i n t e r f e r e ;  i n  th e
second  c a s e ,  oxygen I n t e r f e r e s .  The c h a r a c t e r i s t i c s  o f  th e
50m ercu ry  wave have been s t u d i e d  by K o l t h o f f  and M i l l e r .
Anodic s t r i p p i n g  v o l ta m m e try  can be p e rfo rm e d ,  b u t  n o t ,  o f
c o u r s e ,  a t  th e  u s u a l  m ercury  d ro p  or m ercury  f i l m  e l e c t r o d e .  A
45g o l d - p l a t e d  g l a s s y  c a rb o n  r i n g  d i s k  e l e c t r o d e  h a s  been used  to
d e te r m in e  0 .0 1  ppb Hg i n  s o l u t i o n .
Io n  s e l e c t i v e  e l e c t r o d e s  ( IS E )  have been u sed  to  d e te rm in e
m ercury  d i r e c t l y  and i n d i r e c t l y .  A s i l v e r - g l a s s  ISE was used  to
51 vd e te rm in e  m ercury  by t i t r a t i o n  w i th  d i th io o x a m id e .  A n o v e l
52H g ( I I )  r e s p o n s i v e  i o n -e x c h a n g e r  based  ISE has  been  d e s c r i b e d .
49Gold g a s -p o ro u s  e l e c t r o d e s  and g a s -p e rm e a b le  polymer
e l e c t r o d e s  have been u sed  t o  d e t e c t  m ercury  i n  th e  gas p h a se .
53S ta n d a r d  t e c h n i q u e s ,  s u c h  a s  t h e  method of H a tc h  and O t t , a r e  
u se d  t o  r e d u c e  m ercury  i n  s o l u t i o n  t o  m e t a l l i c  m ercu ry  and to  
e v o lv e  m ercury  v a p o r .  The m ercu ry  v a p o r  i s  d e t e c t e d  by o x i d a t i o n  
a t  th e  g a s -p o r o u s  e l e c t r o d e .  These e l e c t r o d e s  can  d e t e c t  abou t  
10 x  10 ^ g Hg.
The main d i s a d v a n ta g e  i s  t h a t  b i o l o g i c a l  sam p les  must be 
d i s s o l v e d  p r i o r  to  a n a l y s i s .
xliv
e .  N e u tro n  A c t i v a t i o n  A n a ly s i s
N e u tro n  a c t i v a t i o n  a n a l y s i s  (NAA) i s  a v e ry  s e n s i t i v e  
t e c h n i q u e  f o r  th e  d e t e r m i n a t i o n  o f  mercury- i n  b i o l o g i c a l  sa m p le s .  
No p r e - t r e a t m e n t  of th e  sample i s  n e c e s s a r y ,  so s o l i d  sam ples can 
be a n a ly z e d  e a s i l y .  The sample i s  s e a l e d  i n  a q u a r t z  o r  p o ly ­
e th y l e n e  v i a l ^  and i r r a d i a t e d  w i th  n e u t r o n s .  The gamma r a d i a t i o n
197e m i t t e d  by th e  r a d i o a c t i v e  Hg, which i s  fo rm ed , i s  m easu red . 
I n s t r u m e n t a l  NAA, th e  n o n d e s t r u c t i v e  a n a l y s i s  of th e  i n t a c t  
I r r a d i a t e d  sm ple ,  has  been used  f o r  m ercury  d e t e r m i n a t i o n . ^
The d e t e c t i o n  l i m i t  i s  abou t  2 x  10 g Hg. B i o l o g i c a l  sam ples 
c o n t a i n  many e a s i l y  a c t i v a t e d  e le m e n t s ,  such  as  sodium . I n te n s e  
e m is s io n  from t h e s e  e le m e n ts  o f t e n  o v e r l a p s  th e  e m is s io n  of 
m e rc u ry .  Samples must e i t h e r  be a l lo w e d  to  decay  f o r  s e v e r a l  days 
t o  remove i n t e r f e r i n g  e m is s io n s  o r  t h e  r a d i o a c t i v e  m ercury  must be 
s e p a r a t e d  from th e  m a t r ix  ( d e s t r u c t i v e  a n a l y s i s ) .  D e s t r u c t i v e  
a n a l y s i s  g e n e r a l l y  i n v o lv e s  w e t - d i g e s t i o n  o f  th e  sample fo l lo w e d  
by p r e c i p i t a t i o n ,  c h e l a t i o n  e x t r a c t i o n  o r  a d s o r p t i o n  of th e  
m e rc u ry .  D e s t r u c t i v e  a n a l y s i s  g iv e s  b e t t e r  s e n s i t i v i t y  th a n
i n s t r u m e n t a l  a n a l y s i s ,  b u t  a t  t h e  r i s k  o f  m ercury  l o s s  o r  sample 
c o n ta m in a t io n .
-10The d e t e c t i o n  l i m i t  f o r  d e s t r u c t i v e  NAA i s  ab o u t  2 x  10 g 
H g . ^  N e u tro n  a c t i v a t i o n  i s  a p r e c i s e  (10%), s e n s i t i v e  method fo r  
t o t a l  m ercu ry  d e t e r m i n a t i o n  i n  b i o l o g i c a l  sa m p le s .  The main 
d i s a d v a n ta g e  i s  t h a t  a n e u t r o n  s o u rc e ,  g e n e r a l l y  a n u c le a r  
r e a c t o r ,  i s  r e q u i r e d  and may n o t  be r e a d i l y  a v a i l a b l e .  R e p o r ts
xlv
have a l s o  been  p u b l i s h e d  d e t a i l i n g  l o s s  o f  m ercu ry  by a d s o r p t i o n  
o n to  o r  d i f f u s i o n  th ro u g h  th e  sample v i a l s  d u r in g  th e  i r r a d i a t i o n
and decay  p e r i o d s .  T h is  c o u ld  r e s u l t  i n  e r r o n e o u s ly  low d e t e r -
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m in a t i o n s .
f . Atomic E m iss io n
The a to m ic  e m is s io n  method i s  based  on th e  e x c i t a t i o n  of 
e le m e n ts  in  a sam ple by an  e l e c t r i c a l  d i s c h a r g e  or p la sm a .  The 
e x c i t e d  atoms em it  l i g h t  o f  c h a r a c t e r i s t i c  w a v e le n g th s .  M ercury
has  been  d e t e c t e d  a t  t h e  ppb l e v e l  u s in g  m ic ro w a v e -e x c i te d
57 58p la s m a s .  * The a d v a n ta g e  of a to m ic  e m is s io n  i s  t h a t  i t  can  be
59u sed  f o r  t h e  s im u l ta n e o u s  d e t e r m i n a t i o n  o f  numerous m e t a l s .  
D i s a d v a n ta g e s  i n c lu d e  s e v e r e  s e l f - r e v e r s a l  o f  th e  m ercury  
r e s o n a n c e  l i n e s ,  h ig h  background  r a d i a t i o n  from th e  sample and 
m a t r ix  e f f e c t s  from  th e  sam p le .  D i r e c t  s p e c t r a l  i n t e r f e r e n c e  
( o v e r l a p  of e m is s io n  l i n e s  o f  two or more e le m e n ts )  i s  a d e f i n i t e  
p rob lem  i n  e m is s io n  a n a l y s i s  o f  complex b i o l o g i c a l  m a t r i c e s .  Some 
o f  t h e s e  d i s a d v a n t a g e s  have been overcome by u s in g  an e m is s io n  
d e t e c t o r  a f t e r  g a s -c h r o m a to g r a p h ic  s e p a r a t i o n  o f  m ercury  
compounds. The m ercury  r e s o n a n c e  l i n e  a t  253 .7  nm i s  u s u a l l y  
th e  w a v e le n g th  m easu red .
g .  Atomic F lu o r e s c e n c e
Atomic f l u o r e s c e n c e  i s  b ased  on e x c i t a t i o n  o f  atom s by 
u s in g  r a d i a t i o n  from a n  i n t e n s e  l i n e  so u rc e  such  as  a l a s e r  or 
e l e c t r o d e l e s s  d i s c h a r g e  lam p. E x c i t e d  atom s r e e m i t  c h a r a c ­
t e r i s t i c  w a v e le n g th s  w hich a r e  m easured  a t  r i g h t  a n g le s  to
xlvi
t h e  l i g h t  s o u r c e .  Atomic f l u o r e s c e n c e  has  been  employed f o r  th e
d e t e c t i o n  of m e rc u ry ,  p r i n c i p a l l y  w i th  m ic r o fu r n a c e  or c a rb o n
27f i l a m e n t  t e c h n i q u e s .  R e d u c t l o n - a e r a t l o n  and w i re  f i l a m e n t
60 ,6 1
a to m iz e r s  have been u s e d .  The d e t e c t i o n  l i m i t  f o r  m ercu ry  by
a to m ic  f l u o r e s c e n c e  i s  a b o u t  1 -1 5  ng Hg and th e  p r e c i s i o n  i s
5 - 1 0 % . ^ ’^  O rg a n ic  v a p o r  i n t e r f e r e n c e  i s  c la im e d  to  be low er th a n
i n  a to m ic  a b s o r p t i o n  m easu rem en ts  bu t p a r t i c l e  s c a t t e r i n g  e f f e c t s  
27a r e  h i g h e r .  Atomic f l u o r e s c e n c e  a n a l y s i s  com pares w e l l  w i th
6 0 ,6 1a to m ic  a b s o r p t i o n  a n a l y s i s  and can  be p e rfo rm ed  w i th o u t  a
h o l lo w  c a th o d e  lamp and m onochrom ator.
h .  Atomic A b s o r p t io n
Monatomic m ercu ry  v a p o r  was t h e  f i r s t  e le m e n t  t o  be
62
d e te rm in e d  by a to m ic  a b s o r p t i o n .  Atomic a b s o r p t i o n  s p e c t r o s c o p y
(AAS) i s  th e  most w id e ly - u s e d  t e c h n iq u e  f o r  t h e  d e t e r m i n a t i o n  of
m ercu ry  i n  b i o l o g i c a l  m a t e r i a l s  b ecause  of i t s  s p e c i f i c i t y ,
s i m p l i c i t y ,  s e n s i t i v i t y ,  e a s e  o f  o p e r a t i o n  and low c o s t .
Flame a to m iz e r s  a r e  n o t  o f t e n  used  f o r  t h e  a to m ic  a b s o r p t i o n
d e t e r m i n a t i o n  o f  m e rc u ry .  The s e n s i t i v i t y  i s  a b o u t  10 ppm, which
i s  n o t  s u f f i c i e n t  f o r  t h e  a n a l y s i s  o f  b i o l o g i c a l  and e n v i r o n m e n ta l  
6 3s a m p le s .  A ls o ,  t r a c e s  o f  r e d u c in g  a g e n t s  i n  sam ples  can  red u ce
2^  2+
Hg and Hg t o  Hg°. The a to m i z a t i o n  e f f i c i e n c y  o f  Hg ( i n
c a l i b r a t i o n  s t a n d a r d s )  i s  l e s s  th a n  t h a t  o f  Hg® and  an e r r o r  would
. 63 r e s u l t .
Almost a l l  a to m ic  a b s o r p t i o n  t e c h n iq u e s  i n  c u r r e n t  u se  a r e  
v a r i a t i o n s  o f  th e  c o ld - v a p o r  a to m ic  a b s o r p t i o n  (CV-AAS) m ethod.
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The m ercu ry  i n  th e  sam ple i s  c o n v e r te d  to  m ercu ry  v a p o r  w hich  i s
p u l l e d  i n t o  a q u a r t z  g a s  c e l l  p l a c e d  i n  th e  l i g h t  p a th  of an
10 25 27a to m ic  a b s o r p t i o n  s p e c t r o m e te r *  ’ * The e s s e n t i a l  d i f f e r e n c e
among th e  m ethods i s  th e  way i n  which th e  m ercury  i s  c o n v e r te d
i n t o  th e  e l e m e n t a l  vapo r  p h a s e .  Two m ajor  c o n v e r s io n  m ethods a r e
i n  common u s e .  They a r e  c h e m ic a l  r e d u c t i o n  i n  s o l u t i o n  fo l lo w e d
by a e r a t i o n  to  r e l e a s e  th e  m ercu ry  v a p o r  and v o l a t i l i z a t i o n  of 
2 5m ercury  by h e a t .
R e d u c t i o n - a e r a t i o n  m ethods a r e  b ased  on th e  work of H a tch  and 
53O tt  and l i t e r a l l y  h u n d red s  o f  v a r i a t i o n s  have been  r e p o r t e d .
Samples a r e  u s u a l l y  t r e a t e d  w i th  a m ix tu re  o f  s u l f u r i c  a c i d ,
p o ta s s iu m  p e rm angana te  and p o ta s s iu m  p e r s u l f a t e  t o  o x i d i z e  a l l
m ercury  t o  m e rc u r ic  i o n .  M e rc u r ic  io n  i s  th e n  re d u c e d  to  m ercury
m e ta l  by a d d i t i o n  of SnCl^* A ir  i s  bubb led  th ro u g h  th e  s o l u t i o n
and p a s se d  th ro u g h  th e  a to m ic  a b s o r p t i o n  c e l l .  R e d u c t i o n - a e r a t i o n
m ethods can  e s t i m a t e  t h e  amount o f  o r g a n ic  m ercury  i n  a sam ple by
d e te r m in in g  s e p a r a t e l y  t o t a l  m ercury  and i n o r g a n i c  m ercu ry .
I n o r g a n i c  m ercu ry  o n ly  can be d e te rm in e d  by n o t  o x i d i z i n g  th e
sa m p le ,  b e c a u s e  S n ( I I )  w i l l  n o t  r e d u c e  o r g a n i c a l l y - b o u n d  m ercu ry .
The a c c u r a c y  o f  t h e  r e d u c t i o n - a e r a t i o n  t e c h n iq u e  f o r  t o t a l  m ercury
d e t e r m i n a t i o n  depends on th e  c o m p le te  d e s t r u c t i o n  o f  o rg a n ic
m a t e r i a l  by th e  wet d i g e s t i o n - o x i d a t i o n  s t e p .  Many a c id  and
27o x id a n t  c o m b in a t io n s  have been u s e d .  D i g e s t i o n  p ro c e d u re s
d i f f e r  i n  th e  t im e  and t e m p e r a tu r e  u sed  as  w e l l  a s  what k in d  of
27c o n d e n se r  ( i f  any )  was u s e d .  I n t e r f e r e n c e s  i n  th e  r e d u c t i o n -
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a e r a t i o n  p ro c e d u re  have been  r e p o r t e d .  D e p r e s s iv e  i n t e r f e r e n c e s
a r e  c a u se d  by n i t r a t e ,  p e r c h l o r a t e ,  s u l f a t e ,  p h o s p h a te ,  s u l f i d e ,
27t h i o s u l f a t e . ,  b ro m id e ,  i o d i d e ,  P d , P t ,  Au, Ag, Cu, and Zn. These 
and o t h e r  m a t r ix  i n t e r f e r e n c e  e f f e c t s  can be red u c e d  by th e  use  of 
s t a n d a r d s  of s i m i l a r  c o m p o s i t io n  to  t h a t  of t h e  sa m p le s .
M o le c u la r  a b s o r p t i o n  by v o l a t i l e  o r g a n ic  v a p o rs  can  be accommo­
d a te d  by background  c o r r e c t i o n .  D ry ing  tu b e s  a r e  u s u a l l y  p la c e d
betw een  th e  sample v e s s e l  and th e  a b s o r p t i o n  c e l l :  t h e s e  can
27c a u se  c o n ta m in a t io n  o r  l o s s  of m erc u ry .  Foaming of a e r a t e d
27s o l u t i o n s  can c a u se  low m ercu ry  v a l u e s .
C om bustion  and p y r o l y s i s  t e c h n i q u e s  e l i m i n a t e  many of th e
p rob lem s a s s o c i a t e d  w i t h  th e  r e d u c t i o n - a e r a t i o n  method and p ro v id e
a o n e - s t a g e  p r o c e s s  f o r  th e  d e t e r m i n a t i o n  o f  m e rc u ry .  O x id iz in g
f u r n a c e s ,  n e b u l i z e r  b u r n e r s ,  c a rb o n  and g r a p h i t e  rod  o r  tube
a to m iz e r s  and w i re  lo o p  o r  m e t a l l i c  r i b b o n  a to m iz e r s  have been
27
used  t o  r e l e a s e  m ercury  v a p o r  from  s a m p le s .  The c h i e f
d i f f i c u l t y  w i th  t h e s e  t e c h n i q u e s  i s  m o le c u la r  a b s o r p t i o n  by
v o l a t i l e  s p e c i e s  and l i g h t  s c a t t e r i n g  l o s s e s  p roduced  by smoke and
p a r t i c u l a t e s .  T h is  v a p o r - p h a s e  i n t e r f e r e n c e  can  be accommodated
27by m easurem ent o f  t h e  m o le c u la r  a b s o r p t i o n  w i th  a hyd rogen  lamp, 
Z e e m a n - s p l i t  m ercury  e l e c t r o d e l e s s  d i s c h a r g e  lam p, o r  th e  wings of 
a p r e s s u r e - b r o a d e n e d  m ercury  v a p o r  lamp. A no ther  method of 
c o r r e c t i o n  i s  to  c o l l e c t  t h e  m ercu ry  from t h e  v a p o r  p h a s e ,  by 
a m a lg a m a tio n ,  f o r  ex am p le ,  b e f o r e  th e  d e t e r m i n a t i o n .
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The s p i n - f o r b i d d e n  re s o n a n c e  l i n e  a t  253 .7  nm i s  used  most
o f t e n  f o r  th e  d e t e r m i n a t i o n  o f  m ercu ry .  The s p in - a l l o w e d
re s o n a n c e  l i n e  a t  1 8 4 .9  nm h a s  a much g r e a t e r  o s c i l l a t o r  s t r e n g t h ,
b u t  i s  no t o f t e n  used  because  of t h e  d i f f i c u l t y  i n  w ork ing  i n  th e
v a c u u m - u l t r a v i o l e t  r e g i o n .  '  D i r e c t  s p e c t r a l  i n t e r f e r e n c e  i s
n o t  a s  g r e a t  a  p rob lem  i n  AAS a s  i n  a to m ic  e m is s io n  s p e c t r o s c o p y ,
6 3b u t  c o b a l t  w eakly  a b s o rb s  a t  th e  253 .7  nm l i n e .  A 1000 ppm Co
s o l u t i o n  r e s u l t s  i n  a p p ro x im a te ly  10% a b s o r p t i o n .  T h is  n o rm a l ly  
would n o t  be a  p rob lem  b e c au se  Co l e v e l s  i n  most b i o l o g i c a l  , 
sa m p le s  a r e  l e s s  th a n  1 ppm.
A no the r  p rob lem  w i th  th e  d e t e r m i n a t i o n  of m ercury  by AAS 
a r i s e s  i n  th e  l i g h t  s o u r c e .  Atomic a b s o r p t i o n  l i n e  w id th s  a re  
v e r y  narrow  (on th e  o r d e r  of 0 .0 0 2  nm), e s p e c i a l l y  a t  s h o r t  wave­
l e n g t h s  l i k e  t h e  m ercury  re s o n a n c e  l i n e s ,  and a c o n t in u o u s  l i g h t
6 3s o u rc e  ca n n o t  be used  to  m easure  them . T h is  problem  was
overcome by W a l s h , ^  who i n t r o d u c e d  th e  h o l lo w  c a th o d e  lamp (HCL).
A h o l lo w  c a th o d e  lamp e m i ts  v e ry  na rro w  s p e c t r a l  l i n e s  w hich a r e
c o m p le te ly  a v a i l a b l e  f o r  a b s o r p t i o n ,  i n  most c a s e s .  But f o r
m e rc u ry ,  and s e v e r a l  o t h e r  v o l a t i l e  m e t a l s ,  f r e e  atom s s p u t t e r e d
6 3from  th e  c a th o d e  form  an  atom c lo u d  i n s i d e  t h e  lamp. T h is  atom
c lo u d  i s  a b le  to  r e a b s o r b  some o f  th e  r a d i a t i o n  e m i t t e d  by the
c a th o d e .  T h is  a b s o r p t i o n ,  o r  s e l f - r e v e r s a l ,  o c c u rs  a t  th e  v e ry
c e n t e r  of t h e  e m is s io n  l i n e  and r e s u l t s  i n  d e c re a s e d  s e n s i t i v i t y
6 3and d i s t o r t e d  c a l i b r a t i o n  c u r v e s .  S e l f - r e v e r s a l  can  be 
a l l e v i a t e d  by u s in g  a dem oun tab le  HCL, i n  w hich th e  atom c lo u d  i s
1
removed by c o n t in u o u s  pumping of f i l l e r  g a s ,  i n  p la c e  of a 
com m erc ia l  s e a l e d  HCL.
In  t h i s  r e s e a r c h ,  a method was de v e lo p e d  f o r  th e  d i r e c t  
d e t e r m i n a t i o n  of m ercury  i n  b i o l o g i c a l  sam ples  u s in g  a  u n iq u e  
c a rb o n  bed a to m iz e r  f o r  a to m ic  a b s o r p t i o n  s p e c t r o s c o p y  which 
re d u c e d  th e  i n t e r f e r e n c e s  w h i le  r e t a i n i n g  th e  a d v a n ta g e s  of a  o n e -  
s t e p  p r o c e s s .  A s p e c i a l l y - d e s i g n e d  dem oun tab le  HCL was used  as 
th e  l i g h t  s o u r c e .
The h i s t o r i c a l  deve lopm ent of AAS i s  b r i e f l y  d i s c u s s e d  i n  the  
n e x t  s e c t i o n .
4 . H i s t o r i c a l  Development o f  Atomic A b s o r p t io n  S p e c tro s c o p y  
The f i r s t  e x p e r im e n ta l  i n v e s t i g a t i o n  of th e  phenomenon of
66a to m ic  a b s o r p t i o n  by m ercu ry  v a p o r  was made a b o u t  1910 by Wood.
The f i r B t  p r a c t i c a l  u se  of a to m ic  a b s o r p t i o n  f o r  th e  d e t e r m i n a t i o n
6 7 68 6 2o f  m ercu ry  i n  a i r  was made by M u l l e r ,  P r in g s h e im  and Woodson
i n  th e  1 9 3 0 's .  Atomic a b s o r p t i o n  s p e c t r o s c o p y  f o r  m e ta l s  o th e r
6 5th a n  m ercu ry  was i n t r o d u c e d  by Walsh i n  1955. The t e c h n iq u e  i s
b a sed  on th e  a b s o r p t i o n  o f  a c h a r a c t e r i s t i c  f r e q u e n c y  o f  l i g h t
( t h e  r e s o n a n c e  f re q u e n c y  v )  by f r e e  atom s of th e  e le m en t  of
i n t e r e s t .  The f a c t o r s  a f f e c t i n g  th e  t o t a l  amount of a b s o r p t i o n
a r e  e x p re s s e d  i n  th e  fu n d a m e n ta l  e q u a t i o n  of a to m ic  a b s o r p t i o n  
6 ^( E q u a t io n  2 ) .
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/  Kvdv ■ t o t a l  a b s o r p t i o n  ove r  th e  a b s o r p t i o n  band
e ■ c h a rg e  o f  an e l e c t r o n
m ”  mass of an e l e c t r o n
c = speed  of l i g h t
N = t o t a l  number o f  atom s t h a t  can  a b s o rb  th e
f r e q u e n c y  o f  l i g h t  
f  = o s c i l l a t o r  s t r e n g t h  a t  f r e q u e n c y  \>
I t  can be s e e n  from th e  above e q u a t i o n  t h a t , f o r  a g iv e n  
f re q u e n c y  v , t h e  amount o f  a b s o r p t i o n  depends o n ly  on H, th e  
number of f r e e  atoms a v a i l a b l e  w hich  a b s o rb  f r e q u e n c y  v .  The 
o s c i l l a t o r  s t r e n g t h ,  f ,  i s  th e  a b s o l u t e  l i m i t i n g  f a c t o r  f o r  th e  
s e n s i t i v i t y  o f  a to m ic  a b s o r p t i o n ,  b u t  th e  s i z e  o f  th e  a b s o r p t i o n  
s i g n a l  i s  d e te rm in e d  by N, th e  number of f r e e  atom s produced  in  
th e  a to m iz e r .  The e f f i c i e n c y  of p r o d u c t i o n  o f  f r e e  atoms d e t e r ­
m ines  t h e  p r a c t i c a l  s e n s i t i v i t y  and u s e f u l n e s s  o f  th e  t e c h n i q u e .
U n t i l  th e  l a t e  lQbO’ s ,  f la m e s  were used  a lm o s t  e x c l u s i v e l y  to
a to m iz e  s a m p le s .  The s e n s i t i v i t y  o f  f lam e  a to m iz e r s * ^  was 
- 7a p p ro x im a te ly  10 g .  T h is  was n o t  s e n s i t i v e  enough f o r  a n a l y s i s  
o f  most e n v i r o n m e n ta l  and b i o l o g i c a l  s a m p le s .  T h e o r e t i c a l  
c a l c u l a t i o n s ^  showed t h a t  a p p ro x im a te ly  10 ^  g o f  an  e lem en t  
s h o u ld  g iv e  a  I X  a b s o r p t i o n  s i g n a l .  O b v io u s ly ,  g r e a t e r  a to m iz a ­
t i o n  e f f i c i e n c y  was needed  to  im prove th e  s e n s i t i v i t y  of th e  
m ethod . A s i g n i f i c a n t  b r e a k th ro u g h  i n  a to m ic  a b s o r p t i o n  o c c u r r e d  
i n  1961 when L ' v o v ^  d e v e lo p e d  th e  c a rb o n  a to m iz e r .  Carbon
l i i
a to m iz e r s  d e m o n s t ra te d  much g r e a t e r  s e n s i t i v i t y  th a n  f l a m e s , on 
t h e  o r d e r  of 10 ^  g f o r  1% a b s o r p t i o n ,  b u t  s u f f e r e d  from a l a c k  
o f  p r e c i s i o n  and accu racy *  The s i t u a t i o n  changed i n  1969, when 
two new d e s ig n s  i n  c a rb o n  a to m iz e r s  were p r e s e n t e d  a t  th e
I n t e r n a t i o n a l  Atomic A b s o r p t io n  C o n fe re n c e  i n  S h e f f i e l d ,  E ng land ,
72 73one by West and th e  o t h e r  by R ob inson . A no ther  m o d i f i c a t i o n
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was p ro p o se d  by Massman. The West and MaBsman a to m iz e r s  were 
s u b s e q u e n t ly  a d a p te d  f o r  use  i n  com m erc ial  a to m ic  a b s o r p t i o n  
s p e c t r o p h o to m e t e r s .
Com m ercial c a rb o n  a to m iz e r s  ( a l s o  c a l l e d  g r a p h i t e  f u r n a c e s )  
o p e r a t e  by th e  p a s sa g e  o f  a h ig h  c u r r e n t  th ro u g h  th e  c a rb o n  p i e c e ,  
c a u s in g  r e s i s t a n c e  h e a t i n g  w hich  decomposes and a to m iz e s  th e  
sa m p le .  In c o m p le te  d e g r a d a t i o n  o f  th e  sample m a t r ix  c a u se s  
c o n s i d e r a b l e  I n t e r f e r e n c e  due t o  m o le c u la r  a b s o r p t i o n .  Commercial 
g r a p h i t e  f u r n a c e s  e s p e c i a l l y  s u f f e r  from t h i s  p rob lem  s in c e  
d e c o m p o s i t io n  and a to m iz a t io n  t a k e  p la c e  w i t h i n  th e  l i g h t  p a th .  
T h e r e f o r e ,  a t h r e e - s t e p  a to m iz a t io n  program  i s  used  i n  most 
com m erc ia l  s p e c t r o p h o to m e t e r s .  The f i r s t  s t e p  i s  e v a p o r a t i o n  of 
t h e  s o lv e n t  a t  a low t e m p e r a tu r e  ( a p p r o x im a te ly  100°C ).  T h is  i s  
fo l lo w e d  by an a s h in g  s t e p  a t  a  medium te m p e r a tu r e  (3 0 0 ° -5 0 0 °C )  t o  
decompose t h e  sam ple m a t r i x .  F i n a l l y ,  a to m i z a t i o n  o c c u rs  a s  th e  
a to m iz e r  i s  r a p i d l y  h e a te d  t o  ab o u t  2400°C. A b s o r p t io n  i s  
r e c o r d e d  d u r in g  t h i s  f i n a l  s t e p ,  a lw ays  w i th  s im u l ta n e o u s  back­
ground  c o r r e c t i o n .  A lthough  t h i s  method r e q u i r e s  p r e c i s e  
programming of t h e  t im e  and te m p e ra tu re  c y c l e s ,  t h e  t e c h n iq u e  has
l i i i
69been d e v e lo p e d  t o  a h ig h  d e g re e  o f  r e p r o d u c i b i l i t y .
The m ajo r  drawback t o  t h i s  a to m i z a t i o n  p r o c e s s  i s  t h a t
s i g n i f i c a n t  l o s s e s  o f  v o l a t i l e  m e ta l s  such  as m ercu ry  o ccu r  d u r in g
6 3t h e  d ry in g  and a s h in g  s t e p s ,  c a u s in g  low r e s u l t s .
5 .  A dvan tages  o f  t h e  Q u a r tz  "T" A tom izer  and D em ountable Hollow
C athode  Lamp
The prob lem  of v a p o r i z a t i o n  l o s s e s  b e fo r e  a t o m i z a t i o n  i s  
a v o id e d  and m o le c u la r  background  a b s o r p t i o n  i s  g r e a t l y  red u c e d  in  
t h e  R ob inson  ca rb o n  bed a to m iz e r  ( t h e  q u a r t z  " T " ) ,  i l l u s t r a t e d  i n  
F ig u re  1 . T h is  i s  th e  a to m iz e r  d e s ig n  used  f o r  t h e  r e s e a r c h  
r e p o r t e d  i n  t h i s  d i s s e r t a t i o n .  The a to m iz e r  c o n s i s t e d  of a q u a r t z  
"T”- s h a p e d  a b s o r p t i o n  c e l l .  The v e r t i c a l  s tem  o f  th e  "T” was 
f i t t e d  w i t h  a q u a r t z  i n n e r  s l e e v e  packed  w i th  c a rb o n  p i e c e s .  The 
c a rb o n  bed was h e a te d  t o  a b o u t  1450°C by c o u p l in g  to  a r a d i o  
f r e q u e n c y  ( r f )  g e n e r a t o r :  t h i s  was th e  s i t e  of sample d e g r a d a t i o n
and a t o m i z a t i o n .  The l i g h t  p a th  was t h e  c r o s s - p i e c e  o f  th e  "T” .
I t  was s e p a r a t e d  from th e  a to m i z a t i o n  s i t e  and was h e a te d  to  abou t 
1000°C by r e s i s t a n c e  h e a t i n g .  A vacuum pump c o n n e c te d  t o  e x i t  
p o r t s  from th e  l i g h t  p a th  m a in ta in e d  a c o n s t a n t  a i r  or n i t r o g e n  
f lo w  th ro u g h  th e  bed . A sam ple i n t r o d u c e d  on to  t h e  c a rb o n  bed was 
t h u s  drawn th ro u g h  th e  bed a t  a s low r a t e  compared to  com m erc ial  
g r a p h i t e  f u r n a c e s .  Com plete d e c o m p o s i t io n  and a to m iz a t io n  
o c c u r r e d  b e f o r e  th e  sam ple e le m e n ts  were drawn i n t o  t h e  l i g h t  
p a t h .  A l l  o f  th e  sam ple e le m e n ts  had t o  e x i t  th ro u g h  th e  l i g h t  
p a th  and a b s o r p t i o n  was m o n i to re d  c o n t i n u a l l y ;  t h u s ,  v o l a t i l i z a -
l i v
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t i o n  l o s s e s  were a v o id e d .
Oxygen r e a c t s  w i th  th e  c a rb o n  bed a c c o r d in g  to  th e  f o l lo w in g  
e q u a t i o n s . ^
0 +  C
2
-► CO +  CO (3 )
CO, 900 C CO + 0 (4 )
At t e m p e r a t u r e s  g r e a t e r  th a n  900°C, E q u a t io n  4 was f a v o r e d ,  
p ro d u c in g  an abundance  o f  CO i n  t h e  ca rb o n  bed . T h is  p ro v id e d  a 
r e d u c in g  a tm o sp h e re  i n  t h e  a to m iz e r  i n  which o r g a n ic  compounds 
w ere r e d u c e d  to  CO and These compounds do n o t  a b s o rb
e x c e s s i v e l y  i n  th e  u l t r a v i o l e t  (UV) r e g i o n .  M o le c u la r  background 
a b s o r p t i o n  was m in im ized  so e f f e c t i v e l y  t h a t  a n a ly s e s  c o u ld  be 
c a r r i e d  ou t a t  th e  1 8 4 .9  nm Hg r e s o n a n c e  l i n e  i n  th e  vacuum-UV 
r e g i o n ,  a s  w e l l  a s  a t  t h e  253 .7  nm Hg re so n a n c e  l i n e .  M eta l  
compounds were red u c e d  t o  t h e i r  a to m ic  s t a t e s  v e ry  e f f i c i e n t l y ,  as
was d e m o n s t ra te d  by t h e  f a c t  t h a t  s e n s i t i v i t y  f o r  most e le m e n ts
.  , „ - 1 2  63was on t h e  o r d e r  of 1 0  g .
A no the r  improvement in  s e n s i t i v i t y  was due to  u se  o f  a un ique  
dem oun tab le  ho l lo w  c a th o d e  lam p. S e l f - r e v e r s a l  w i t h i n  com m ercial 
s e a l e d  lamps i s  a s e v e r e  p rob lem  w i t h  v o l a t i l e  e le m e n ts  l i k e  
m e rc u ry .  A de m o u n ta b le  HCL re d u c e d  th e  amount of s e l f - r e v e r s a l  
b e c a u s e  t h e  s p u t t e r e d  atom c lo u d  i s  pumped ou t o f  th e  lam p. A 
f u r t h e r  r e f in e m e n t  t o  t h e  dem oun tab le  HCL was made by B i n d e r , a
l v i
fo rm er  member of t h i s  r e s e a r c h  g ro u p .  In  h i s  d e s ig n ,  th e  f i l l e r  
g a s  i s  f o r c e d  t o  e x i t  a t  th e  back of th e  c a th o d e ,  so  t h e  s p u t t e r e d  
atom  c lo u d  i s  removed from th e  l i g h t  p a th  v e ry  e f f i c i e n t l y .  The 
f l o w - th r o u g h  dem ountab le  HCL I s  i l l u s t r a t e d  i n  F ig u re  2.
I t  can be se en  t h a t  th e  R ob inson  ca rbon  bed a to m iz e r  f u l ­
f i l l e d  s e v e r a l  r e q u i r e m e n ts  f o r  th e  d i r e c t  d e t e r m i n a t i o n  of 
m ercu ry  i n  b i o l o g i c a l  s a m p le s .  The long  c o n ta c t  t im e  o f  th e  
sam ple  w i th  th e  ca rb o n  bed unde r  a r e d u c in g  a tm osphe re  s i g n i f i ­
c a n t l y  re d u c e d  th e  m o le c u la r  a b s o r p t i o n  caused  by th e  complex 
o r g a n i c  m a t r i x .  V o l a t i l i z a t i o n  l o s s e s  were e l i m i n a t e d  by the  
f lo w - th r o u g h  a to m iz e r  d e s ig n .  The s e n s i t i v i t y  of th e  te c h n iq u e  
was s u f f i c i e n t l y  low t o  d e t e c t  m ercury  a t  th e  ppb l e v e l .
I t  was th e  o b j e c t i v e  o f  t h i s  r e s e a r c h  to  d e v e lo p  t e c h n iq u e s  
w hich  a p p l i e d  th e  a d v a n ta g e s  of th e  c a rb o n  bed a to m iz e r  to  th e  
d i r e c t  d e t e r m i n a t i o n  o f  m ercu ry  i n  s e v e r a l  ty p e s  of b i o l o g i c a l  
s a m p le s .  P a r t  I  o f  t h i s  d i s s e r t a t i o n  d e s c r i b e s  th e  d i r e c t  d e t e r ­
m in a t io n  o f  m ercu ry  i n  w a t e r ,  u r i n e ,  s w e a t ,  h a i r ,  b r e a t h ,  s a l i v a ,  
w hole b lo o d  and serum . A n a ly s i s  of t h e s e  v a r i o u s  spec im ens  h e lp e d  
t o  e l u c i d a t e  th e  m ercury  b a la n c e  i n  th e  body and th e  pathw ays f o r  
e x c r e t i o n  o f  m ercu ry  from  th e  body.
6 . M e ta l  S p e c i a t i o n
The t o x i c i t y  o f  m ercury  depends b o th  on i t s  c o n c e n t r a t i o n  and 
c h e m ic a l  fo rm . The c h e m ic a l  form o f  m ercu ry  i n  th e  body i s  th e  
k ey  f a c t o r  w hich g o v e rn s  i t s  a b s o r p t i o n ,  t r a n s p o r t ,  b l o t r a n s f o r m a -  
t l o n ,  r e t e n t i o n  and e x c r e t i o n .  A lk y l  m ercury  compounds a r e  many
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t im e s  more t o x i c  th a n  a r y l  o r  i n o r g a n i c  m e r c u r ia lB .  For 
77 +ex am p le ,  can  p e n e t r a t e  th e  h y d ro p h o b ic  co re  of a p r o t e i n
24-
more e a s i l y  th a n  Hg • CH^HgCl i s  a b e t t e r  i n h i b i t o r  of membrane-
bound enzymes th a n  i n o r g a n i c  m ercu ry .  More th a n  70% o f  i n g e s t e d
CH^HgCl i s  a b so rb e d  by th e  human body w h i le  on ly  5% o f  i n g e s t e d  
79HgCl^ i s  a b s o rb e d .  The v e ry  h y d ro p h o b ic  d im e th y lm erc u ry  i s
found  c o n c e n t r a t e d  a lm o s t  e n t i r e l y  in  l i p i d s  and a p p e a r s  to  behave
80 81a s  a c h e m ic a l ly  and p h y s i c a l l y  i n e r t  s u b s ta n c e  u n t i l  i o n i z e d .  ' ,
E le m e n ta l  m ercury  v a p o r  i s  a n o n - p o la r ,  h i g h ly  d i f f u s i b l e  gas
w hich  i s  s o lu b l e  i n  l i p i d s .  T h is  l e a d s  to  r a p i d  and com ple te
t r a n s f e r  th ro u g h  th e  lu n g s  i n t o  t h e  b lo o d s t r e a m  and r a p i d
82 83d i f f u s i o n  a c r o s s  t h e  b l o o d - b r a i n  b a r r i e r .  '
The mechanisms by w hich m ercury  and i t s  compounds e x e r t  t o x i c  
e f f e c t s  a r e  no t known, b u t  i t  i s  most p ro b a b le  t h a t  th e  m etab o lism  
o f  m ercu ry  in  th e  body depends  on i t s  c h e m ic a l  fo rm . S p e c i a t i o n  
o f  c h e m ic a l  form has  a l s o  become im p o r ta n t  i n  th e  s tu d y  of 
s y n e r g i s t i c  e f f e c t s  o f  g ro u p s  o f  e le m e n ts .
I t  i s  a p p a re n t  t h a t  a n a l y t i c a l  t e c h n iq u e s  a r e  needed  w hich 
p r o v id e  not o n ly  t o t a l  m e ta l  d e t e r m i n a t i o n ,  b u t  a l s o  d i f f e r e n t i a ­
t i o n  betw een m e ta l  compounds. A n a l y t i c a l  t e c h n iq u e s  such  a s  
i n f r a r e d  and u l t r a v i o l e t  a b s o r p t i o n ,  n u c l e a r  m ag n e t ic  r e s o n a n c e  
and X -ray  s p e c t r o m e t r y  can  d i f f e r e n t i a t e  be tw een  m e ta l  s p e c i e s  but 
do n o t  p o s s e s s  th e  r e q u i s i t e  s e n s i t i v i t y  f o r  b i o l o g i c a l  m a t e r i a l s .
The m ethods w hich have e v o lv e d  f o r  t r a c e  m ercury  s p e c i a t i o n  
a lm o s t  a l l  r e l y  on a  c h ro m a to g ra p h ic  te c h n iq u e  f o r  s e p a r a t i o n  w ith  
a d e t e r m i n a t i o n  o f  th e  m ercu ry  c o n te n t  of e a c h  f r a c t i o n .  Gas
l i x
ch ro m a to g ra p h y  w i th  an  e l e c t r o n  c a p tu r e  d e t e c t o r  was i n t r o d u c e d  by
W e s t o o ^ ’ ^  f o r  th e  d e t e r m i n a t i o n  of a l k y l  m ercury  i n  f i s h .  Many
25
v a r i a t i o n s  o f  th e  t e c h n iq u e  have been  p u b l i s h e d ,  b u t  t h e  method
g e n e r a l l y  i n v o lv e s  c o n v e r s io n  of o r g a n ic  m ercu ry  compounds to
o rg a n o m e rc u r ic  h a l i d e s  w hich a r e  s u b j e c t e d  t o  gas  c h ro m a to g ra p h ic
a n a l y s i s .  The h a l i d e  ( n o t  t h e  m ercu ry )  i s  d e t e c t e d  by th e
e l e c t r o n  c a p tu r e  d e t e c t o r .  One s o u rc e  o f  e r r o r  i n  t h i s  method i s
t h a t  some m ercury  compounds decompose on th e  column t o  d i p h e n y l -
25o r  d im e th y lm e rc u ry .  These compounds a r e  n o t  d e t e c t e d  w i th  an
e l e c t r o n  c a p tu r e  d e t e c t o r .
Gas ch ro m a to g rap h y  has  been  c o u p le d  w i t h  s e v e r a l  d i f f e r e n t
m e t a l - s p e c i f i c  d e t e c t o r s  f o r  m ercury  s p e c i a t i o n .  Microwave
e m i s s io n ,  a to m ic  a b s o r p t i o n ,  a to m ic  f l u o r e s c e n c e  and mass
s p e c t r o m e te r s  have been  used i n  p la c e  of c o n v e n t i o n a l  c h ro m a to -
25g r a p h i c  d e t e c t o r s .  A lth o u g h  such  c o u p le d  t e c h n i q u e s  f o r  m ercury  
s p e c i a t i o n  have been s u c c e s s f u l ,  t h e  use  of two t e c h n iq u e s  
i n t r o d u c e s  a d d i t i o n a l  s o u rc e s  o f  e r r o r .  E x t r a c t i o n s  and 
s e p a r a t i o n s  a r e  n ev e r  co m p le te  and th e  p rob lem  i s  a g g r a v a te d  a t  
ppb l e v e l s .  Loss or c o n ta m in a t io n  o f  th e  sam ple o r  changes  in  
c h e m ic a l  form  o f  t h e  sample can  o ccu r  d u r in g  s e p a r a t i o n  s t a g e s .
The deve lopm en t of a s p e c t r o s c o p i c  method w hich  c o u ld  a c c o m p lis h  
b o th  s e p a r a t i o n  and d e t e c t i o n  of m e ta l  compounds would o f f e r  a 
d i s t i n c t  a d v a n ta g e  i n  s p e c i a t i o n  s t u d i e s .
P a r t  I I  o f  t h i s  d i s s e r t a t i o n  d e s c r i b e s  t h e  deve lopm ent of an 
e x p e r i m e n t a l  t e c h n i q u e  w hich u sed  AAS t o  d i s t i n g u i s h  betw een
I x
d i f f e r e n t  c h e m ic a l  form s o f  m e rc u ry .  The t e c h n iq u e  made use  o f  a 
t w o - s t a g e  a to m iz e r .  The f i r s t  s t a g e  was g r a d u a l l y  I n c r e a s e d  In  
t e m p e r a tu r e  to  v o l a t i l i z e  s e l e c t i v e l y  v a r i o u s  c h e m ica l  fo rm s of 
m e rc u ry .  The second  s t a g e  was m a in ta in e d  a t  1450°C t o  a to m iz e  th e  
v a p o r i z e d  m ercu ry  compounds. The v o l a t i l i z a t i o n  of pu re  m ercury  
compounds and m ercu ry  i n  b i o l o g i c a l  sam ples  was s t u d i e d .
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CHAPTER 1
THE DIRECT DETERMINATION OF MERCURY IN WATER
A. INTRODUCTION
I n g e s t i o n  of m ercu ry  p r e s e n t  i n  d r in k i n g  w a te r  and food i s  th e  
m ajo r  r o u te  o f  e x p o su re  to  t h i s  m e ta l  f o r  a "norm al"  (n o n -  
o c c u p a t i o n a l l y  e x p o se d )  p o p u l a t i o n .  T h e r e f o r e ,  i t  i s  im p o r ta n t  to  
m o n ito r  th e  amount of m ercu ry  i n  d r in k i n g  w a t e r ,  so t h a t  t h i s  
e x p o s u re  can  be c o n t r o l l e d .
1 .  M ercury C o n c e n t r a t i o n s  i n  W ater
Numerous s t u d i e s  have been co n d u c ted  on m ercury  c o n c e n t r a ­
t i o n s  i n  n a t u r a l  and f i n i s h e d  ( i . e . ,  t r e a t e d ,  r e a d y  to  d r in k )  
w a t e r s  a round  th e  w o r ld .  G roundw ater  has  been found to  c o n ta i n
0 . 0 1 - 0 . 1 0  ppb H g.^»9»85 S u r fa c e  w a te r s  such  as  l a k e s ,  r i v e r s ,
2 9 85and r e s e r v o i r s  have been found t o  c o n ta i n  0 .0 1 - 1 7  ppb Hg. ' *
C o n c e n t r a t i o n s  of m ercu ry  g r e a t e r  th a n  1 ppb i n  s u r f a c e  w a te r  have
o c c u r r e d  m a in ly  i n  s m a l l  s t r e a m s  or i n  i n d u s t r i a l l y - c o n t a m i n a t e d
a r e a s .  A n a t io n w id e  s u rv e y  by th e  U .S . D epartm ent of th e  I n t e r i o r
i n  1970 showed t h a t  o n ly  4% o f  s u r f a c e  w a te r  s o u rc e s  had m ercury
c o n c e n t r a t i o n s  i n  e x c e s s  of 1  ppm; most c o n ta in e d  betw een 0 . 1  and
1 . 8  ppb.®-* I n d u s t r i a l  c o n ta m in a t io n  has  been shown t o  r a i s e
m erc u ry  l e v e l s  i n  w a te r  d r a m a t i c a l l y ;  f o r  exam ple ,  w a te r  n e a r  a
b a t t e r y  p l a n t  i n  M ich igan  was found to  c o n ta i n  1000 ppm Hg.®®
2 9 85
M ercury l e v e l s  of 0 . 0 3 - 2  ppb have been  m easured  i n  s e a w a te r ,  * * 
w h i le  c o n c e n t r a t i o n s  of 0 . 0 5 - 0 . 5  ppb have been found i n  r a i n -
2L im i ts  have been  Bet on th e  amount of m ercury  a llo w e d  In  
d r i n k i n g  w a t e r ,  w h ich , i n  t h e  U .S . ,  u s u a l l y  means i n  f i n i s h e d  t a p  
w a t e r .  The World H e a l th  O r g a n iz a t i o n  l i m i t  was s e t  a t  1 ppb,®? 
w h i le  a U .S . E n v iro n m e n ta l  P r o t e c t i o n  Agency (EPA) l i m i t  of 2 ppb 
was e s t a b l i s h e d .® 5  An EPA s u rv e y  of 273 w a te r  s u p p l i e s  a c r o s s  
t h e  c o u n t r y  found  t h a t  261 c o n ta in e d  <1 ppb Hg, 11 c o n ta in e d  
be tw een  1 and 4 .8  ppb Hg and one c o n ta in e d  >5 ppb Hg.
While m ercury  l e v e l s  i n  "no rm al"  w a te r  s u p p l i e s  g e n e r a l l y  
have been found  t o  be below 1  ppb , th e y  can v a ry  a g r e a t  d e a l  due 
t o  f a c t o r s  such  as  pH, t e m p e r a t u r e ,  t h e  red o x  p o t e n t i a l  o f th e  
sy s tem  and t h e  p r e s e n c e  of n a t u r a l  c h e l a t i n g  or com plex ing  a g e n t s .  
These f a c t o r s  may i n c r e a s e  g r e a t l y  th e  amount of m ercury  in  w a te r .  
M ercury  c o n c e n t r a t i o n s  i n  w a te r  may be i n c r e a s e d  f u r t h e r  by th e  
a c t i v i t i e s  o f  man. A n th ro p o g e n ic  i n p u t  has  been e s t i m a t e d  t o  have 
i n c r e a s e d  m ercury  l e v e l s  i n  r i v e r s  f o u r f o l d . ^  C h l o r i n e ,  used  
f o r  p u r i f i c a t i o n  o f  t a p  w a t e r ,  can  be a so u rc e  o f  m ercu ry .  Most 
c h l o r i n e  i s  p ro d u ce d  by m ercu ry  c e l l  e l e c t r o l y s i s  of b r in e  and so 
can  be c o n ta m in a te d  w i th  m ercu ry .
The c o n t r i b u t i o n  o f  d r i n k i n g  w a te r  t o  t h e  body b u rd en  of 
m ercu ry  i n  an I n d i v i d u a l  can  be c a l c u l a t e d .  I f  i t  i s  assumed t h a t  
d r i n k i n g  w a te r  c o n t a i n s  2 ppb Hg and t h a t  an i n d i v i d u a l  consumes 2 
L o f  w a te r  p e r  day , 4 pg H g/day i s  I n g e s t e d  i n  t h i s  way.®^
T h is  r e p r e s e n t s  a b o u t  10% o f  t h e  e s t i m a t e d  d a i l y  i n t a k e  o f  m ercu ry .
2. The C hem ica l  Form o f  M ercury i n  W ater
M ercury i s  p r e s e n t  in  w a te r  a s  a r e s u l t  o f  a n th r o p o g e n ic
3i n p u t  and c y c l i c  n a t u r a l  p r o c e s s e s  i n  which m ercu ry  from th e  
e a r t h ' s  c r u s t  i s  washed i n t o  b o d ie s  o f  w a t e r .  M ercury  can  be 
d i s c h a r g e d  i n t o  th e  env ironm en t as  m e t a l l i c  m e rc u ry ,  i n o r g a n i c  
m ercu ry  compounds, a l k y l ,  a r y l ,  a lk o x y  and o t h e r  o r g a n ic  
compounds . » ®^  Once i n  an aqueous  e n v iro n m e n t ,  m ercu ry  
compounds can  undergo  a  v a r i e t y  of t r a n s f o r m a t i o n s .
I n o r g a n i c  m ercury  can be c o n v e r te d  to  m ethy lm ercu ry  c a t i o n  
and d im e th y lm erc u ry  by microorganisms^®*®® o r  by s u i t a b l e  
c h e m ic a l  d o n o r s ,  such  as  t i n  and l e a d  a l k y l  compounds.®9 B io­
l o g i c a l  m e t h y la t i o n  of Hg^+ i s  b e l i e v e d  to  o c c u r  v i a  m ethy l  
c o r r i n o i d  d e r i v a t i v e s ,  such  as  V i tam in  B j^ ,  s in c e  th e y  a r e  th e  
o n ly  known m e th y la t in g  a g e n ts  c a p a b le  of t r a n s f e r r i n g  m ethy l  
g roups  a s  c a r b a n io n s ,  CH3 ~. The p ro d u c t  of t h e  m e t h y la t io n  
r e a c t i o n  i s  m a in ly  m ethy lm ercu ry  c a t i o n ,  CHgHg*, under  
n e u t r a l  o r  a c i d i c  c o n d i t i o n s  and d im e th y lm e rc u ry  unde r  b a s ic  
c o n d i t io n s .® 9  The e f f i c i e n c y  of th e  r e a c t i o n  i s  d ependen t  
upon pH, t e m p e r a t u r e ,  t h e  p re s e n c e  of s u l f i d e s  and com plex ing  
a g e n t s ,  m i c r o b i a l  a c t i v i t y  and o t h e r  f a c t o r s .  M e th y la t i o n  by 
c h e m ic a l  don o rs  can  a l s o  o c c u r ;  t r i m e t h y l  l e a d  c a t i o n  has  been 
shown t o  be as  e f f e c t i v e  as  V itam in  *n th e  m e t h y la t i o n  of 
m e rc u ry .  Once fo rm ed , d im e th y lm e rc u ry  i s  v o l a t i l e  enough to  e sc a p e  
i n t o  th e  a tm o s p h e re ,  where i t  i s  p h o to ly z e d  to  g iv e  e l e m e n ta l  
m e rc u ry ,  m ethane and e thane.® ®  M ethy lm ercu ry  c a t i o n  i s  an 
u n u s u a l l y  s t r o n g  a c i d ,  w i th  a  pKa o f  abou t  5 ( e q u i v a l e n t  to  
a c e t i c  a c i d ) . i t  w i l l  r e a c t  w i th  w a te r  to  g iv e  m eth y lm ercu ry
4h y d r o x id e ,  a s  th e  f o l l o w in g  r e a c t i o n  shows.
CH3 H» + { - , )  +  H2 ° C O  =  0K 3 " 8 0H ( a , )  +  H3 ° + C a,> <5 )
At pH 7 ,  th e  h y d ro x id e  form i s  v e ry  much f a v o re d  and th e  c a t i o n  i s  
a r e l a t i v e l y  u n im p o r ta n t  s p e c i e s . ^9 However, CH3 Hg+ i s  a 
v e ry  s o f t  a c id  and b in d s  s t r o n g l y  t o  s o f t  b a s e s .  The c h l o r i d e ,  
b rom ide and i o d i d e  compounds o f  C^Hg'*' e x h i b i t  h ig h  s t a b i l i t y  
and low aqueous s o l u b i l i t y .  CH3 HgX (X ■ h a l i d e  i o n )  compounds 
do not i n t e r a c t  s t r o n g l y  w i th  w a te r  because  th e  p r i n c i p a l  c o o r d i n ­
a t i o n  number of m ercu ry  i s  two.^O M ethy lm ercu ry  h a l i d e s  do 
e x h i b i t  h ig h  l i p i d  s o l u b i l i t y  and may p la y  an im p o r ta n t  r o l e  i n  
t h e  t r a n s p o r t  of CH3 Hg+ i n t o  b i o l o g i c a l  s y s te m s .  M ethy l­
m ercu ry  compounds can undergo  b i o l o g i c a l  d e g r a d a t i o n  to  methane 
and e le m e n t a l  m e rc u ry ,  b u t ,  i n  g e n e r a l ,  CH3 Hg+  i s  no t 
r e a d i l y  decomposed e x c e p t  by s p e c i f i c  b io c h e m ic a l  p r o c e s s e s .
I n t e r c o n v e r s i o n  of t h e  t h r e e  i n o r g a n i c  form s o f  m ercu ry  i n  
w a t e r ,  Hg°, Hg2 ^+  and Hg^+f can  o c c u r  a s  a r e s u l t  of 
c h e m ic a l  o r  m i c r o b i a l  a c t i o n .  M ercurous io n  d i s p r o p o r t i o n a t e s  to  
g iv e  e l e m e n t a l  m ercu ry  and m e r c u r ic  i o n ,  a s  i s  shown.®
H g 22+ =  Hg 2+ + Hg° ( 6 )
Hg° h a s  s u f f i c i e n t  v a p o r  p r e s s u r e  t o  e s c a p e  from  th e  aqueous 
e n v iro n m en t  i n t o  t h e  vapo r  phase.®® Under th e  r e d u c in g  con­
5d i t i o n s  o f t e n  found i n  s e d im e n t s ,  H2 S i s  p r e s e n t .  T h is  can 
r e a c t  w i th  Hg^+  t o  form HgS (pKs ■ 5 3 ) .  A erobes can r e -  
s o l u b i l i z e  Hg2+  from  HgS by o x i d i z i n g  th e  s u l f i d e  t o  s u l f a t e .
Hg^+  can  be r e d u c e d  t o  Hg° by enzymes p r e s e n t  i n  b a c te r ia .® ®
The Hg^+ io n  has  a s t r o n g  te n d e n c y  to  complex f o r m a t io n ,  
e s p e c i a l l y  w i th  compounds c o n t a i n i n g  C, N, P and S l i g a n d  atom s.®
M e rc u r ic  io n  a l s o  form s compounds and com plexes w i th  h a l i d e  i o n s .
+  2-  S p e c ie s  such  as  HgX , HgX2 » HgX^ and HgX^ a r e  formed (X =
h a l i d e  io n ) .®
E v id e n ce  i n d i c a t e s  t h a t  th e  p redom inan t  form  of m ercury  in  
f r e s h  w a te r  i s  Hg^+ , p r e s e n t  a s  c h e l a t e s  and com plexes w i th  a 
v a r i e t y  o f  o r g a n ic  and i n o r g a n i c  l i g a n d s .  O cean ic  m ercu ry  i s  
g e n e r a l l y  p r e s e n t  a s  an a n i o n i c  c h l o r i d e  complex w hich  does  not 
have  as  p ronounced  a t e n d e n c y  to  b ind  to  p a r t i c u l a t e  s u b s ta n c e s  
and  s e t t l e  ou t a s  do m ercu ry  compounds i n  f r e s h  w a te r .® ^  
M ethy lm ercu ry  can be b i o c o n c e n t r a t e d  many th o u s a n d f o ld  i n  f i s h  and 
o t h e r  a q u a t i c  o rg an ism s  due t o  i t s  l i p i d  s o l u b i l i t y  and a f f i n i t y  
f o r  s u l f u r  g roups  i n  p r o t e i n .  A s i m p l i f i e d  d iag ram  of th e  m ajor 
fo rm s  o f  m erc u ry  i n  w a te r  and t h e i r  i n t e r c o n v e r s i o n s  i s  p r e s e n t e d  
i n  F i g u r e  3 .
3 .  A n a l y t i c a l  C o n s i d e r a t i o n s  i n  t h e  D e te rm in a t io n  o f  M ercury 
i n  W ater
W ater i s  one of th e  most common m a t e r i a l s  a n a ly z e d  i n  any 
l a b o r a t o r y .  I t  i s  a n a ly z e d  t o  m o n i to r  c o n c e n t r a t i o n s  of sub­
s t a n c e s  i n  t h e  e n v i ro n m e n t .  A n a l y t i c a l  s t a n d a r d  s o l u t i o n s  a r e
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FIGURE y. THE MAJOR CHEMICAL FORMS OF MERCURY IN WATER AND 
THEIR ROUTES OF TRANSFORMATION ARE SHOWN.
a lm o s t  I n v a r i a b l y  a q u e o u s .  However, w a te r  i s  n o t  a s im ple  m a t r ix  
and i t  can  pose p rob lem s f o r  even  e x p e r ie n c e d  a n a l y s t s . 27 ,91  
F re s h  w a te r  c o n ta i n s  numerous s o l i d  and d i s s o l v e d  s p e c i e s .  A 
t y p i c a l  c o m p o s i t io n  i s  g iv e n ^ 2  £n T a b le  1 . T ra ce  e le m e n ts  may 
d i s a p p e a r  from aqueous s o l u t i o n s  by v o l a t i l i z a t i o n , ® 3 , 94 
a b s o r p t i o n  o n to  c o n t a i n e r  w a l l s , 93 ,9 5  an<j b a c t e r i a l  a c t i o n .  
A c i d i f i c a t i o n  of n a t u r a l  w a t e r s  w i th  n i t r i c  a c id  i s  a recommended 
p r o c e d u r e  t o  i n h i b i t  a d s o r p t i o n  of t r a c e  m e ta ls  on to  c o n t a i n e r
w a l l s . 97 Such a c i d i f i c a t i o n  may a c t u a l l y  i n c r e a s e  th e  p o s s i -
<•
b i l i t y  o f  l o s s ,  s i n c e  m ercury  d i s s o l v e d  from p a r t i c u l a t e  m a t t e r  
may th e n  v o l a t i l i z e .
M ercury i s  p r e s e n t  i n  w a te r  a t  t r a c e  (< ppm) l e v e l s  and 
p r e c o n c e n t r a t i o n  o f  t h e  m e ta l  i s  o f t e n  n e c e s s a r y  p r i o r  to  
a n a l y s i s .  T e c h n iq u e s  shch  as  e v a p o r a t i o n  and f r e e z e - d r y i n g  can 
l e a d  t o  c o n s i d e r a b l e  l o s s e s  o f  t h e  e le m en t  of i n t e r e s t .
L o sse s  o f  m ercu ry  can  o c c u r  on t r a n s f e r  of s o l u t i o n s  from  v e s s e l  
t o  v e s s e l  and on f i l t r a t i o n . ^7
Sam ples can  be c o n ta m in a te d  by r e a g e n t s  u sed  i n  th e  c h e l a t i o n  
and  e x t r a c t i o n  or r e d u c t i o n - a e r a t i o n  p r o c e d u r e s  used  t o  co n cen ­
t r a t e  m ercury  from w a t e r .  The c o n ta m in a t io n  i s  o f t e n  i n s i d i o u s ;  
f o r  exam p le ,  u n s to p p e r e d  b o t t l e s  o f  a c i d i c  p o ta s s iu m  perm angana te  
u sed  f o r  many d i g e s t i o n  p r o c e d u r e s  r e a d i l y  c o l l e c t  m ercu ry  from 
c o n ta m in a te d  l a b o r a t o r y  a i r . ^ 7
In c o m p le te  d e s t r u c t i o n  or rem ova l  o f  o r g a n ic  compounds can 
c a u se  e r r o r s  i n  a n a l y s i s . ^7 F a i l u r e  t o  c o m p le te ly  d e s t r o y  th e
8T ab le  1
C o m p o s it io n  o f  F re s h  W a t e r ^
D is s o lv e d  S p e c ie s
P r i n c i p a l  C a t i o n s :  Ca^+ , Mg^+ , K+ , Na+
P r i n c i p a l  A n ions :  ^ ^ 3  * ' ^ 4  » ® ® 4  * ^ l - , ^ 1 0 3
T ra ce  C a t i o n s :  A l^+ , Fe^+ , NH4
T ra ce  A n ions :  NO3 - , SH“
I n o r g a n i c  M o le c u le s :  H2 CO3 , H2 S
O rg an ic  M o le c u le s :  humic a c i d ,  f u l v i c  a c i d ,  a m in o - a c id s ,
p r o t e i n s
I n o r g a n i c  and O rg an ic  P o l l u t a n t s  
S o l id s
O rg a n ic :  b i o t a ,  d e g r a d a t i o n  p r o d u c t s ,  humic
and f u l v i c  a c i d s
I n o r g a n i c :  c l a y  m i n e r a l s ,  m e t a l  o x id e s ,
h y d r o x id e s ,  c a r b o n a t e s ,  s u l f i d e s
T ab le  2
A b s o r p t io n  by 3 m m -diam eter F i l t e r  Paper  D isks  a t  1 8 4 .9  nm
D isk T re a tm e n t  
U n t r e a t e d  
A cid  washed
A cid  washed and 










(mean + o) (mean + <J)
0 . 2 0 4 1 + 0 . 0 7 0 1  0 . 0 8 8 3 + 0 . 0 3 3 9
0 .1 9 6 5  +  0 .0 5 6 0  0 .0630  + 0 .0232
0 .1593  + 0 .0357  0 .0565  + 0 .0088
9o r g a n i c  m a t r ix  can p r e v e n t  e x t r a c t i o n  or d e t e c t i o n  of combined 
form s o f  m ercury* F a i l u r e  t o  remove o r g a n ic  compounds can r e s u l t  
i n  m o le c u la r  a b s o r p t i o n  of t h e  re so n a n c e  l i n e  d u r in g  CV-AAS 
a n a l y s i s .  M ercury  can e a s i l y  be l o s t  by v o l a t i l i z a t i o n  from hot 
d i g e s t s .
Some i n o r g a n i c  s p e c i e s  can I n t e r f e r e  w i th  th e  d e te r m i n a t i o n  
o f  m ercu ry  i n  w a t e r .  I o d id e  i s  known to  i n h i b i t  th e  e x t r a c t i o n  of 
m ercury  by d i t h i z o n e . ^  D e p re s s io n  of a tom ic  a b s o r p t io n  
s i g n a l s  can  be c a u se d  by n i t r a t e ,  s u l f a t e ,  o x a l a t e ,  p h o s p h a te ,  
s u l f i d e ,  b ro m id e ,  i o d i d e ,  Pd , P t ,  Au, Ag, Cu, Zn, Se, Te, Mo, and 
W, among o t h e r  s p e c i e s . ^
Prob lem s w i th  a c c u r a c y  and p r e c i s i o n  p lag u e  most c u r r e n t  
m ethods f o r  th e  d e t e r m i n a t i o n  o f  m e r c u r y . ^  In  1 975 -76 , th e  
I n t e r n a t i o n a l  Atomic E nergy  Agency s e n t  ou t s im u la t e d  f r e s h  w a te r  
sam p les  c o n t a i n i n g  t r a c e  amounts of s e v e r a l  e le m e n ts  to  l a b o r a ­
t o r i e s  a ro u n d  th e  w o r ld  f o r  an in te r c o m p a r i s o n  s t u d y . ^  The 
t r u e  v a lu e  o f  th e  m ercu ry  l e v e l  was 1  ppb; t h e  c o n c e n t r a t i o n s  
r e p o r t e d  by 21 l a b o r a t o r i e s  ran g e d  from  0 .1 3 - 2 1 8 .8  ppb . Only 
v a lu e s  betw een 0 .1 3  and 3 .0  ppb were a c c e p t e d ;  t h e  r e l a t i v e  
s t a n d a r d  d e v i a t i o n  of th e  a c c e p te d  v a lu e s  was 39.7% (mean = 1 .6 2  
p p b ) .  No c o r r e l a t i o n  was found  betw een  th e  p r e c i s i o n  of r e s u l t s  
p ro d u ced  by a g iv e n  l a b o r a t o r y  and t h e i r  a c c u r a c y .  These prob lem s 
were due i n  l a r g e  p a r t  to  th e  low l e v e l s  o f  m ercury  found i n  
w a t e r .
10
S p e c i a t i o n  o f  m ercury  In  w a te r  l a  a l s o  d i f f i c u l t .  The con­
c e n t r a t i o n  of each  s p e c i f i c  c h e m ic a l  form i s  v e ry  low. S p e c i a t i o n  
p r o c e d u r e s  o f t e n  r e q u i r e  a d ju s tm e n t  o f  pH and  s e l e c t i v e  e x t r a c ­
t i o n ;  a d d i t i o n  of c h e m ic a ls  to  t h e  sam ple can change th e  n a tu r e  of 
t h e  m ercu ry  s p e c i e s  p r e s e n t .  E x t r a c t i o n  and s e p a r a t i o n  t e c h n iq u e s  
a r e  o f t e n  n o t  e f f i c i e n t  a t  t h e  ppb l e v e l .
4 .  C u r r e n t  Methods f o r  t h e  D e te rm in a t io n  o f  M ercury i n  W ater 
Methods f o r  t h e  d e t e r m i n a t i o n  of m ercu ry  in  w a te r  can be 
d i v i d e d  i n t o  two c a t e g o r i e s ,  t h o s e  which m easure  t o t a l  m ercury  
c o n c e n t r a t i o n  and th o s e  which a r e  c a p a b le  of s p e c i a t i o n .  These 
two c a t e g o r i e s  w i l l  be d i s c u s s e d  s e p a r a t e l y .
a .  Methods f o r  t h e  D e te r m in a t io n  o f  T o t a l  M ercury Concen­
t r a t i o n  i n  Water
The most common m ethods o f  d e te r m in in g  m ercury  in  
w a te r  a r e  c o l o r i m e t r y  w i th  d i t h i z o n e ,  n e u t r o n  a c t i v a t i o n  a n a l y s i s  
and  c o ld - v a p o r  a to m ic  a b s o r p t i o n  s p e c t r o s c o p y .
C o l o r i m e t r i c  a n a l y s i s  w i th  d i t h i z o n e  was c a r r i e d  out by 
e x t r a c t i o n  o f  m ercu ry  from  an a c i d i c  s o l u t i o n  w i th  d i t h i z o n e  in  
c h lo r o f o r m .  I n  an  a c i d i c  medium, th e  o n ly  m e t a l s  w hich i n t e r f e r e d  
were co p p e r  and th e  n o b le  m e t a l s . 2 M ercury d i t h i z o n a t e  i n  
c h lo r o f o rm  was d e te rm in e d  c o l o r i m e t r i c a l l y  a t  490 nm. The a b s o r b ­
an ce  must be m easured  im m e d ia te ly  as  th e  m ercury  d i t h i z o n a t e  
com plex  i s  n o t  s t a b l e  on e x p o s u re  t o  l i g h t .  The d e t e c t i o n  l i m i t  
was 0 .5  pg Hg. Many v a r i a t i o n s  on th e  p ro c e d u re  have  been  
p u b l i s h e d . ^  For ex am p le ,  Ueno e t  al.^®® m easured  m ercury
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I n  w a te r  by m ix in g  th e  w a te r  w i th  an aqueous s o l u t i o n  of copper 
d l t h i z o n a t e .  D u a l -w a v e le n g th  p h o to m e try  was used  t o  m easure  th e  
d i f f e r e n c e  i n  a b s o rb a n c e s  a t  507 nm and 490 nm, w hich  was p ro p o r ­
t i o n a l  t o  th e  m ercury  c o n c e n t r a t i o n .  The p ro c e d u re  was s im p le  and 
e l i m i n a t e d  th e  need  f o r  a r e a g e n t  b la n k .  The d i s a d v a n ta g e s  of 
d l t h i z o n e  c o lo r i m e t r y  f o r  th e  d e t e r m i n a t i o n  o f  m ercury  were 
num erous . D l th iz o n e  was a r e l a t i v e l y  n o n - s p e c i f i c  r e a g e n t  and 
i n t e r f e r e n c e s  from  o th e r  m e ta l s  were p o s s i b l e . ^  A n a l y t i c a l  
c o n d i t i o n s  had t o  be c o n t r o l l e d  t o  p e rm i t  th e  q u a n t i t a t i v e  
e x t r a c t i o n  of m erc u ry .  The p r o c e d u re  was v e ry  t im e  consuming and 
r e q u i r e d  a s k i l l e d  a n a l y s t .
N e u tro n  a c t i v a t i o n  a n a l y s i s  (NAA) h a s  been  used  e x t e n s i v e l y  
f o r  t h e  d e t e r m i n a t i o n  o f  m ercury  i n  w a t e r . 2 ,1 0 1 ,1 0 2  Samples 
were s e a l e d  i n  q u a r t z  am poules and i r r a d i a t e d  i n  a th e rm a l  n e u t r o n  
f l u x  f o r  2 -3  d a y s .  Samples can be a n a ly z e d  n o n - d e s t r u c t i v e l y  by 
m easurem ent of e i t h e r  t h e  77 KeV gamma r a d i a t i o n  o f  ^-^Hg 
( h a l f - l i f e  = 65 h r )  o r  th e  279 KeV gamma r a d i a t i o n  of ^®^Hg 
( h a l f - l i f e  “  47 d a y s ) .  A Ge ( L i )  d e t e c t o r  and m u l t i c h a n n e l  
a n a ly z e r  were u s e d .  The s e n s i t i v i t y  o f  n o n - d e s t r u c t i v e  NAA was 
r a t h e r  p o o r ,  ab o u t  0 .0 5  pg Hg. The s e n s i t i v i t y  can be im proved by 
c h e m ic a l ly  s e p a r a t i n g  th e  m ercury  from th e  sample and I n t e r f e r i n g  
r a d i o a c t i v i t i e s .  For e x a m p l e , 1 0 2  t h e  c o n te n t s  of t h e  i r r a d i ­
a t e d  am poules can be t r a n s f e r r e d  t o  a d i s t i l l a t i o n  a p p a r a tu s  a lo n g  
w i th  c o n c e n t r a t e d  n i t r i c ,  s u l f u r i c  and p e r c h l o r i c  a c i d s .  M ercury 
i s  d i s t i l l e d  ov e r  a s  m e r c u r ic  c h l o r i d e .  M ercury i n  th e  d i s t i l l a t e
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I s  d e p o s i t e d  on a g o ld  f o i l  e l e c t r o d e  by e l e c t r o l y z i n g  th e  
s o l u t i o n  f o r  17 hours*  The gamma r a d i a t i o n  from  ^ ^ H g  on th e  
f o i l  I s  m easured  In  a N a l ( T l )  w e l l  c r y s t a l  w i th  a  m u l t i c h a n n e l  
a n a l y z e r .  N eu tro n  a c t i v a t i o n  a n a l y s i s  w i th  r a d io c h e m ic a l  
s e p a r a t i o n  was a v e ry  s e n s i t i v e  t e c h n iq u e  f o r  th e  d e t e r m i n a t i o n  of 
m ercu ry  i n  w a te r .  The s e n s i t i v i t y  was a p p ro x im a te ly  0 .5  ppb . The 
d i s a d v a n t a g e s  were t h a t  i t  was e x t r e m e ly  t im e-co n su m in g  (6 -3 0  
d a y s ) ,  e x p e n s i v e ,  and r e q u i r e d  a n u c l e a r  r e a c t o r  and h ig h ly  
q u a l i f i e d  p e r s o n n e l .  M ercury  can  be l o s t  from sam ples  a t  norm al 
i r r a d i a t i o n  t e m p e r a t u r e s , ^  w hich  can  r e s u l t  i n  n e g a t iv e  
e r r o r s .
C o ld “ vapor  a to m ic  a b s o r p t i o n  s p e c t r o s c o p y  (CV-AAS) h a s  been 
th e  most p o p u la r  a n a l y t i c a l  method f o r  th e  d e t e r m i n a t i o n  o f  
m ercu ry  s in c e  th e  t e c h n iq u e  was i n t r o d u c e d  by H a tch  and 0 t t ^ 3  
i n  1968. In  t h i s  r e d u c t i o n - a e r a t i o n  t e c h n i q u e ,  m ercu ry  was 
re d u c e d  t o  t h e  e l e m e n t a l  s t a t e  i n  s o l u t i o n  by a d d i t i o n  of s ta n n o u s  
c h l o r i d e .  M ercury v a p o r  was r e l e a s e d  from  s o l u t i o n  by a e r a t i o n  
and p a s s e d  th ro u g h  a gas  c e l l  i n  t h e  l i g h t  p a th  o f  an  a tom ic  
a b s o r p t i o n  s p e c t r o m e te r .  H undreds of v a r i a t i o n s  on th e  o r i g i n a l  
method have been r e p o r t e d  and s e v e r a l  e x c e l l e n t  r e v ie w s  a r e  
a v a i l a b l e . ^ »27,103 Many c o m b in a t io n s  of a c i d s  and o x i d i z i n g  
a g e n t s  have been used  f o r  sam ple d i g e s t i o n .  Changes i n  th e  
d i g e s t i o n  p ro c e d u re  can  be used  to  r e l e a s e  s e l e c t i v e l y  c e r t a i n  
c h e m ic a l  form s of m e rc u ry .  For ex am p le ,  r e d u c t i o n  w i th  s t a n n o u s  
c h l o r i d e  a f t e r  d i g e s t i o n  w i th  a c i d i c  perm angana te  has  been shown
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t o  r e l e a s e  o r g a n ic  and i n o r g a n i c  m ercu ry ,  w h i le  r e d u c t i o n  w i th  no 
p r i o r  d i g e s t i o n  r e l e a s e d  on ly  i n o r g a n i c  m e rc u ry . ^  The 
o r g a n i c  m ercu ry  c o n te n t  can be found by d i f f e r e n c e .  Many v a r i a ­
t i o n s  have d e s c r i b e d  a  c o n c e n t r a t i o n  s t e p  f o r  t r a p p i n g  th e  
r e l e a s e d  m ercu ry  v a p o r  p r i o r  t o  a tom ic  a b s o r p t i o n  m easu rem en t.
The m ercu ry  v a p o r  i s  am algam ated  w i th  a s i l v e r  or g o ld  t r a p  or 
a d s o rb e d  o n to  a c t i v a t e d  c h a r c o a l  and th e n  r e l e a s e d  i n t o  th e  
a b s o r p t i o n  c e l l  by h e a t i n g  th e  t r a p .  T h is  p roduced  a s h a r p e r ,  
n a r ro w e r  s i g n a l  th a n  t h a t  p ro d u ced  by th e  c o n v e n t i o n a l  m ethod.i
M ercury has  a l s o  been d e te rm in e d  by v a p o r  phase  AAS f o l lo w in g  
i t s  r e l e a s e  by h e a t i n g .  E l e c t r o t h e r m a l  a t o m i z a t i o n  i n  ca rb o n  or 
g r a p h i t e  m ic r o f u r n a c e s  and on w ire  lo o p s  and m e t a l l i c  r ib b o n s  has 
been  u s e d . 2 7 ,1 0 4 ,1 0 5
Almost a l l  a to m ic  a b s o r p t i o n  s t u d i e s  o f  m ercu ry  have m easured  
a b s o r p t i o n  a t  th e  s p i n - f o r b i d d e n  253 .7  nm re s o n a n c e  l i n e  ( 6 ^P^ +- 
6 ^ S q ) .  I t  h a s  been known^-^ t h a t  th e  r e s o n a n c e  l i n e  a t  184 .9  
nm ( 6 ^P^ 6 ^Sq) i n  t h e  v a c u u m - u l t r a v i o l e t  r e g i o n  has  an  o s c i l ­
l a t o r  s t r e n g t h  ( f  *  1 .1 8 )  w hich  i s  ab o u t  f i f t y  t im e s  g r e a t e r  th a n  
t h a t  o f  t h e  253 .7  nm l i n e  ( f  = 0 .0 2 6 ) .  The g r e a t e r  o s c i l l a t o r  
s t r e n g t h  of th e  184 .9  nm s h o u ld  l e a d  t o  i n c r e a s e d  s e n s i t i v i t y  i n  
AAS m ea su rem e n ts ,  b u t  t h e  l i n e  has  n o t  been used  e x t e n s i v e l y  due 
t o  t h e  d i f f i c u l t i e s  e n c o u n te re d  i n  w ork ing  i n  th e  vacuum- 
u l t r a v i o l e t  r e g i o n .  A tm o sp h e r ic  oxygen , w a te r  v a p o r  and p r o d u c t s  
o f  th e  a to m iz a t io n  p r o c e s s  such  a s  H2  and CO have  been shown 
t o  a b s o rb  i n  t h i s  r e g i o n . 6 4 ,1 0 7 ,1 0 8  R obinson  e t  a l . ^ 4  p e r ­
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form ed a d i r e c t  d e t e r m i n a t i o n  of m ercury  I n  a i r  u s in g  th e  q u a r t z  
"T” a to m iz e r  and th e  1 8 4 .9  nm re s o n a n c e  l i n e .  An I n c r e a s e  In  
s e n s i t i v i t y  o f  an o r d e r  o f  m agn itude  over  th e  253 .7  nm l i n e  was 
a c h i e v e d .  Tanabe e t  a l .^ O ?  USed a long  l i g h t  p a th  a b s o r p t io n  
c e l l  s i m i l a r  t o  th e  c r o s s p i e c e  of th e  R ob inson  q u a r t z  "T" 
a t o m i z e r ,  and n i t r o g e n  purge  gas  t o  a n a ly z e  aqueous s o l u t i o n s  by 
CV-AAS a t  1 8 4 .9  nm.
The a d v a n ta g e s  of th e  CV-AAS t e c h n iq u e  were many. I t  was 
s im p l e ,  r a p i d ,  i n e x p e n s iv e  and more s e n s i t i v e  th a n  c o l o r i m e t r i c  
m ethods .  The method a l s o  had d i s a d v a n t a g e s .  In co m p le te  o x i d a t io n  
and d i s s o l u t i o n  of m ercu ry  s p e c i e s  p r e s e n t  in  w a te r  can r e s u l t  in  
f a i l u r e  t o  d e t e c t  t h e s e  s p e c i e s .  M ercury can be l o s t  by a d s o r p ­
t i o n  o n to  t h e  w a l l s  of t h e  t u b in g  and gas  c e l l .  M o le c u la r  a b s o r p ­
t i o n  of th e  r e s o n a n c e  l i n e  by v o l a t i l e  o r g a n ic  compounds can  
o c c u r .  The r e p o r t e d  d e t e c t i o n  l i m i t s  c ove red  a wide r a n g e ,  from
0 .0 0 8  t o  1 0 0  p p b .^
O ther  a n a l y t i c a l  m ethods have been  u sed  f o r  th e  d e t e r m i n a t i o n  
o f  m ercu ry  i n  w a t e r ,  b u t ,  s i n c e  t h e s e  m ethods a r e  n o t  u sed  e x te n ­
s i v e l y ,  th e y  w i l l  be d i s c u s s e d  o n ly  b r i e f l y .
The use  of a to m ic  f l u o r e s c e n c e  f o r  th e  d e t e r m i n a t i o n  of 
m ercu ry  h as  been r e v i e w e d .^ ,2 7 ,1 0 9  M ercury v a p o r  was u s u a l l y  
r e l e a s e d  by r e d u c t i o n - a e r a t i o n  t e c h n iq u e s  and th e  253 .7  nm f l u o r e ­
sc en c e  e m is s io n  from th e  v a p o r  was m easu red . Atomic f l u o r e s c e n c e  
had s e v e r a l  a d v a n ta g e s  ove r  a b s o r p t i o n  m ethods .  The equ ipm ent was 
s im p le  and e c o n o m ic a l ,  t h e  s e n s i t i v i t y  was much b e t t e r  th a n  t h a t
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of  t h e  a b s o r p t i o n  t e c h n iq u e  and s p e c t r a l  I n t e r f e r e n c e s  were 
r e d u c e d  In  number and i n  s e v e r i t y *
Atomic e m is s io n  s p e c t r o s c o p y  w i th  an  a tm o s p h e r ic  p r e s s u r e  DC 
a rg o n  p lasm a e x c i t a t i o n  so u rc e  has  been  used  f o r  m ercury  d e t e r ­
m in a t i o n .  H O  E m iss io n  was m easured  a t  t h e  253 .7  nm re s o n a n c e  
l i n e *  The a b s o l u t e  d e t e c t i o n  l i m i t  was 60 pg Hg w i th  a l i n e a r  
dynamic ran g e  o f  10^. The DC a rg o n  plasm a has  been used  as  an 
e le m e n t  s p e c i f i c  d e t e c t o r  f o r  gas c h ro m a to g ra p h y .H O
P a p e r - H - * -  and l i q u i d H 2  ch rom a tog raphy  have been used  
t o  d e t e c t  m ercury  i n  w a t e r .  The d e t e r m i n a t i o n  o f  m ercu ry  in  w a te r  
by a  v a r i e t y  o f  e l e c t r o c h e m i c a l  m ethods has  been  r e p o r t e d .
A co m m erc ia l  g o ld  f i l m  m ercury  v a p o r  d e t e c t o r  has  been coup led  
w i th  r e d u c t i o n - a e r a t i o n  t e c h n iq u e s  to  m easure  m ercury  i n  s o lu ­
t i o n .  H 3  <j>he e v o lv e d  m ercu ry  v a p o r  was a d s o rb e d  o n to  t h i n  
g o ld  f i l m s  i n  th e  d e t e c t o r ,  which caused  an  i n c r e a s e  i n  r e s i s t a n c e  
( d i s p l a y e d  on g a lv a n o m e te r )  p r o p o r t i o n a l  to  t h e  m ercury  c o n c e n t r a ­
t i o n .  A d e t e c t i o n  l i m i t  of 0 .1  ppb was r e p o r t e d .  M ercury 
r e l e a s e d  from s o l u t i o n  by SnCl2  has  been d e t e c t e d  by pneum ato- 
am perom etry .^ 9  i n  t h i s  t e c h n i q u e ,  an  e l e c t r o i n a c t i v e  gas 
s t r e a m  c o n t a i n i n g  th e  e l e c t r o a c t i v e  a n a l y t e  ( i n  t h i s  c a s e ,  m ercu ry  
v a p o r )  was p a s s e d  ove r  th e  s u r f a c e  of a h y d ro p h o b ic  gas  porous 
e l e c t r o d e .  The a n a l y t e  was e l e c t r o l y z e d  a t  c o n s ta n t  p o t e n t i a l  and 
th e  r e s u l t i n g  c u r r e n t  was p r o p o r t i o n a l  t o  th e  a n a l y t e ' s  c o n c e n t r a ­
t i o n .  The d e t e c t i o n  l i m i t  f o r  m ercury  was r e p o r t e d  to  be 5 ppb.
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b .  M ethods f o r  t h e  S p e c i a t i o n  o f  M ercury Compouds I n  
W ater
A v a r i e t y  o f  methodB have been used  to  i d e n t i f y  th e  
c h e m ic a l  form s o f  m ercu ry  i n  w a te r :  f i l t r a t i o n ,  c e n t r i f u g a t i o n ,
d i a l y s i s ,  e l e c t r o p h o r e s i s ,  e x t r a c t i o n ,  many ty p e s  o f  ch ro m a to ­
g r a p h y ,  and e l e c t r o c h e m i c a l  t e c h n i q u e s . ^
T e c h n iq u e s  su ch  as  u l t r a f i l t r a t i o n  have been used  to  
c h a r a c t e r i z e  m ercury  s p e c i e s  by t h e i r  m o le c u la r  w e i g h t s . ^
Anodic s t r i p p i n g  v o l ta m m e try  i n  c o n ju n c t io n  w i th  p h o t o x id a t i o n  by 
UV l i g h t  has  been used^-l^ t o  d i f f e r e n t i a t e  betw een o r g a n ic  and 
i n o r g a n i c  m erc u ry .  Ion  s p e c i f i c  e l e c t r o d e s  have been used  to  
m easure  th e  b in d in g  o f  m ercu ry  t o  o r g a n ic  m o le c u le s  i n  w a te r .
As was d i s c u s s e d  ab o v e ,  s e l e c t i v e  r e d u c t i o n  of m ercury  
s p e c i e s  i n  s o l u t i o n  has  been used  to  m easure  s e p a r a t e l y  i n o r g a n i c  
and t o t a l  m ercury  c o n c e n t r a t i o n s  by CV-AAS, w i th  t h e  o r g a n ic  
m ercu ry  compounds b e in g  c a l c u l a t e d  by d i f f e r e n c e .
T h in  l a y e r  c h r o m a to g r a p h y ^ » H 8  a nd gas  ch rom a tog raphy  
have been  used  e x t e n s i v e l y  f o r  t h e  i d e n t i f i c a t i o n  and q u a n t i t a t i o n  
o f  o rganom ercu ry  compounds i n  w a t e r .  T h in  l a y e r  ch rom a tog raphy  
h a s  t h e  a d v a n ta g e  o f  n e e d in g  no e l a b o r a t e  i n s t r u m e n t a t i o n .
However, t h e  s e n s i t i v i t y  1b o n ly  a b o u t  2 pg Hg; t h e r e f o r e ,  p r e ­
c o n c e n t r a t i o n  of w a te r  sam ples  i s  r e q u i r e d . O r g a n o m e r c u r y  
compounds must be c o n v e r te d  t o  t h e i r  c h l o r i d e s  o r  d l t h i z o n a t e s  to  
be s e p a r a t e d .
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Gas ch ro m a to g rap h y  was th e  most commonly used  method f o r  
m easurem ent of o r g a n ic  m ercury  compounds. The most w id e ly  
a c c e p te d  m ethods were based  on th e  p ro c e d u re  d e v e lo p e d  by 
Westoo.®® The p ro c e d u re  in v o lv e d  a c i d i f i c a t i o n  o f  th e  sam ple 
w i th  HC1 t o  form RHgCl compounds (R ■ a l k y l ) ,  e x t r a c t i o n  o f  th e  
compounds i n t o  b e n z en e ,  p a r t i t i o n i n g  to  an  aqueous s o l u t i o n  of 
c y s t e i n e  or t h l o s u l f a t e ,  a c i d i f i c a t i o n  and r e e x t r a c t i o n  i n t o  
b e n z en e .  The RHgCl compounds were s e p a r a te d  by gas  ch rom a tog raphy  
and d e t e c t e d  w i th  an e l e c t r o n  c a p tu r e  d e t e c t o r .  The p ro c e d u re  had 
a number o f  d i s a d v a n t a g e s . ^ 2 2  xhe e l e c t r o n  c a p tu r e  d e t e c t o r  
was s e l e c t i v e  f o r  h a l i d e s ,  n o t  m erc u ry ;  t h e r e f o r e ,  t im e-consum ing  
and e l a b o r a t e  c le a n - u p  p ro c e d u re s  were r e q u i r e d  to  e l i m i n a t e  non­
m ercury  c o n t a i n i n g  h a l i d e s .  Large  volumes o f  h ig h  p u r i t y  a c i d s  
and s o l v e n t s  were r e q u i r e d .  I n e f f i c i e n t  e x t r a c t i o n  and l o s s  of 
m ercu ry  d u r in g  sample t r a n s f e r  can r e s u l t  i n  n e g a t i v e  e r r o r s .
Some s t u d i e s  have r e p o r t e d ^  breakdown of o rg a n o m e rc u r ic  
h a l i d e s  on th e  GC column t o  RHgR compounds, w hich a r e  no t d e t e c t e d  
by an e l e c t r o n  c a p tu r e  d e t e c t o r .  R e c o v e r ie s  from  s p ik e d  sam ples  
were g e n e r a l l y  on th e  o r d e r  of 60-80% .83 ,122-124
An I n v e s t i g a t i o n  of t h e  e f f i c i e n c y  o f  t h e  a c i d i f i c a t i o n  and 
e x t r a c t i o n  p ro c e d u re  was made In  th e  s tu d y  r e p o r t e d  h e r e i n .
M ercury c o n c e n t r a t i o n s  i n  aqueous and benzene l a y e r s  were m easured  
by AAS w i th  th e  q u a r t z  “T" a to m iz e r .
5 .  G oals  o f  T h is  S tudy
The f i r s t  g o a l  o f  t h i s  s tu d y  was to  d e v e lo p  an  improved
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a n a l y t i c a l  method f o r  th e  d e t e r m i n a t i o n  of t o t a l  m ercu ry  concen ­
t r a t i o n s  i n  w a t e r .  Each o f  t h e  a fo re m e n t io n e d  t e c h n i q u e s  had i t s  
own a d v a n ta g e s  and d i s a d v a n t a g e s ,  b u t  none was a t r u e  d i r e c t  
d e t e r m i n a t i o n ,  i n  w hich no sam ple p r e t r e a t m e n t  or p r e c o n c e n t r a t i o n  
was r e q u i r e d .  A d i r e c t  d e t e r m i n a t i o n  was v e ry  d e s i r a b l e  because  
i t  would e l i m i n a t e  t h e  p o s i t i v e  and n e g a t i v e  e r r o r s  a s s o c i a t e d  
w i th  p r e t r e a t m e n t  s t e p s .  The a c c u r a c y ,  speed  and s i m p l i c i t y  of 
t h e  a n a l y s i s  would be s i g n i f i c a n t l y  I n c r e a s e d .
The R o b inson  q u a r t z  "T” a to m iz e r  was i d e a l l y  s u i t e d  t o  th e  
deve lopm en t o f  a d i r e c t  a n a l y t i c a l  method f o r  th e  d e t e r m i n a t i o n  of 
m ercu ry  in  w a t e r .  The d e s ig n  o f  t h e  a to m iz e r  and th e  a to m ic  
a b s o r p t i o n  sy s te m  a l lo w e d  p u rg in g  o f  th e  l i g h t  p a th  w i th  a n o n -  
a b s o r b i n g  gas  such  as  n i t r o g e n  o r  a rg o n .  T h is  p e r m i t t e d  th e  use 
o f  th e  moret s e n s i t i v e  1 8 4 .9  nm re s o n a n c e  l i n e  a n d ,  i t  was hoped , 
would e l i m i n a t e  th e  need f o r  p r e c o n c e n t r a t i o n  of m ercu ry  from 
w a t e r .  The c o n t a c t  t im e  and c o n t a c t  a r e a  betw een th e  sam ple and 
t h e  c a rb o n  bed were much g r e a t e r  th a n  th o s e  i n  a c o n v e n t i o n a l  
g r a p h i t e  f u r n a c e .  T h is  was e x p e c te d  t o  r e s u l t  i n  e f f i c i e n t  a to m i­
z a t i o n  o f  a l l  m ercu ry  s p e c i e s  p r e s e n t  i n  th e  sam p le .  The 
e f f i c i e n t  a t o m i z a t i o n  would a l s o  g r e a t l y  red u c e  m o le c u la r  a b s o rp ­
t i o n  from  un a to ra ized  m a t r ix  components* A l l  o f t h e  sam ple w hich 
e n t e r e d  th e  a to m iz e r  was c o n s t r a i n e d  t o  e x i t  th ro u g h  th e  l i g h t  
p a t h .  These f a c t o r s  were e x p e c te d  to  i n c r e a s e  t h e  a c c u r a c y  of th e  
a n a l y s i s .  I n  o r d e r  t o  t e s t  t h i s ,  w a te r  sam ples  would a l s o  be 
a n a ly z e d  by a s t a n d a r d  m e th o d ,^7 c o ld - v a p o r  a to m ic  a b s o r p t i o n  
s p e c t ro m e try *
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The second  g o a l  o f  t h i s  s tu d y  was to  d e v e lo p  a d i r e c t  method 
f o r  t h e  s p e c i a t l o n  of m ercury  compounds i n  w a t e r .  I t  was c l e a r  
t h a t  c u r r e n t  s p e c i a t l o n  t e c h n i q u e s ,  which r e q u i r e d  c h e m ic a l  m ani­
p u l a t i o n  o f  th e  sample and m u l t i p l e  e x t r a c t i o n  s t e p s ,  o f f e r e d  many 
o p p o r t u n i t i e s  f o r  e r r o r .
A d i r e c t  method f o r  s e p a r a t i o n  of compounds by v o l a t i l i t y  was 
i n v e s t i g a t e d .  The q u a r t z  "T" a to m iz e r  c o u ld  be f i t t e d  w i th  a 
r e s i s t i v e l y - h e a t e d  p la t in u m  w i r e .  A sample c o u ld  be p la c e d  on the  
w ire  and s lo w ly  h e a t e d .  Compounds were e x p e c te d  t o  v o l a t i l i z e  a t  
c h a r a c t e r i s t i c  t e m p e r a t u r e s  and be c a r r i e d  by g a s  f lo w  to  th e  
c a rb o n  b e d ,  where a to m iz a t io n  would ta k e  p l a c e .  An a b s o r p t i o n  
s i g n a l  would  be m easured  e v e ry  t im e a  m e r c u r y - c o n ta in in g  compound 
p a s se d  th ro u g h  th e  l i g h t  p a th .  The a p p e a ra n c e  t e m p e r a tu r e  o f  the  
a b s o r p t i o n  s i g n a l  would s e rv e  to  i d e n t i f y  th e  compound. The use 
o f  p la t in u m  lo o p  and q u a r t z  ”T” a to m iz e r  i n  th e  s p e c i a t l o n  of 
aqueous  m erc u ry  compounds i s  d i s c u s s e d  i n  P a r t  I I  o f  t h i s  d i s s e r ­
t a t i o n .  For com par ison  p u r p o s e s ,  th e  s p e c i a t l o n  of m ercury  
compounds i n  w a te r  was a l s o  i n v e s t i g a t e d  by a  s t a n d a r d  p r o c e d u r e ,  
e x t r a c t i o n  o f  a lk y lm e r c u ry  compounds i n t o  b en z en e .  The e x t r a c ­
t i o n  s tu d y  i s  d i s c u s s e d  i n  t h i s  c h a p t e r .
B. EXPERIMENTAL
1. Equipment
The m ajo r  components of th e  s i n g l e  beam a to m ic  a b s o r p t i o n  
s p e c t r o m e te r  used  i n  t h i s  r e s e a r c h  a r e  d e s c r i b e d  below . Some 
com ponents  were d e s ig n e d  i n  t h i s  l a b o r a t o r y ,  w h i le  o t h e r s  were
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u n i t s  t a k e n  from com m erc ia l  e q u ip m e n t .  The s p e c t r o m e te r  was f i r s t  
a s se m b le d  and used  by a fo rm er  member of t h i s  r e s e a r c h  g ro u p ,  Dr.
D. K. W o l c o t t . ^25 £  s c h e m a t ic  d iag ram  o f  th e  com plete  
sy s te m  i s  p r e s e n t e d  i n  F ig u re  1. A l i s t  of  a l l  components i s  
p r o v id e d .
a .  M ajor Components o f  t h e  Q u a r tz  "T" Atomic A b s o rp t io n  
System
1 . L ig h t  s o u r c e s ; B arnes  Demountable Hollow
C athode  Lamp System 
Beckman D euterium  Lamp 
i i .  C hoppe r : J a r r e l - A s h  M e c h a n ic a l ,  from  a Model
82-360 AAS
i i i .  A to m iz e r : Q u ar tz  "T" made of Q u a r tz  S c i e n t i f i c
I n c .  c l e a r  fu se d  q u a r t z  t u b in g  
i v .  M onochrom ator: J a r r e l l - A s h  Model 8 2 -0 2 0 ,  0 .5  m
E b e r t  s c a n n in g ,  w i th  v a r i a b l e  
s l i t s
v .  D e t e c t o r : Hamamatsu R106-UH p h o t o m u l t i p l i e r
v i .  A m p l i f i e r : P r in c e t o n  A p p l ie d  R e s e a rc h  Model
126 l o c k - i n ,  w i th  Model 184 p h o to ­
m e t r i c  p r e a m p l i f i e r  
v i i .  R e c o r d e r : Beckman Model 1005, 1 0 - in c h  p o t e n t i o -
m e t r i c  s t r i p  c h a r t  r e c o r d e r
v i i i .  D e te c to r  Power S u p p ly : H e w le t t -P a c k a rd  Model
6515-A, DC, 0-1600V,
0-5 mA
i x .  R a d io fre q u e n c y  G e n e r a t o r : L epe l  Model T - 5 - 3 -
KC-E-SW, 5 KHz
x .  C e l l  Vacuum Pump: Thomas Model 107CA20-1
x l .  F lo w m e te rs : M atheson Model 7728
x i i .  P o t e n t i o m e t e r : H e l io p o t  C o rp . Model T-10-A ,
1 0 , 0 0 0  ohm, t e n - t u r n  
x i i i .  O p t i c s : A m e rs l l  C o rp .  S u p r a s i l  g rade  fu se d
s i l i c a  l e n s e s  w i th  1 8 0 .0  nm t r a n s m i s ­
s io n  c u t o f f
b .  L ig h t  S o u rc es
i .  B arnes  Dem ountable Hollow C athode  Lamp
A com m erc ia l  B arnes  dem ountab le  lamp was m o d if ie d  
t o  red u c e  s e l f - a b s o r p t i o n  of t h e  m ercury  r e s o n a n c e  l i n e s .  S e l f ­
a b s o r p t i o n  was p a r t i c u l a r l y  s e v e r e  i n  m ercury  ho l lo w  ca th o d e  
lam ps , due t o  th e  v o l a t i l i t y  of m ercu ry .  The m o d i f i c a t i o n s  were 
d e s ig n e d  i n  t h i s  l a b o r a t o r y  by R. L. B in d e r . 7 6  A h o le  was 
d r i l l e d  t h ro u g h  th e  c a th o d e  h o ld e r  i n t o  th e  c a th o d e .  A t e l f o n  
r i n g  was UBed t o  b lo ck  th e  space  betw een th e  anode and th e  
c a th o d e .  The f i l l e r  gas  was f o rc e d  th e r e b y  t o  f lo w  th ro u g h  th e  
i n t e r i o r  of t h e  c a th o d e  and t o  e x i t  below th e  l i g h t  p a th .  T h is  
removed th e  a b s o rb in g  s p u t t e r e d  atom c lo u d  from th e  l i g h t  p a th  and 
g r e a t l y  re d u c e d  s e l f - a b s o r p t i o n  i n  t h e  lamp. A d iag ra m  o f  th e  
f lo w - th r o u g h  dem ountable  lamp i s  g iv e n  i n  F ig u re  2.
A number o f  d i f f e r e n t  c a th o d e  m a t e r i a l s  were t r i e d .  The 
f i r s t  was a  f u s e d  s a l t  c a th o d e .  I t  was p re p a r e d  by m e l t in g
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m e r c u r ic  c h l o r i d e  I n  a b r a s s  c a th o d e  cup . The cup was c o o le d  and 
a  h o le  was d r i l l e d  th ro u g h  th e  c e n t e r  of th e  fu se d  s a l t .  T h is  
t y p e  of c a th o d e  had been used  i n  th e  d e t e r m i n a t i o n  o f  m ercury  in  
a i r  w i th  th e  q u a r t z  "T" a t o m i z e r . ^  The e m is s io n  sp e c tru m  
from  t h i s  c a th o d e  i s  shown i n  F ig u r e  4 . As can  be s e e n ,  th e  
m ercu ry  1 8 4 .9  nm re s o n a n c e  l i n e  was su p e r im p o se d  on a b road  
e m is s io n  back g ro u n d .  T h is  was u n d e s i r a b l e  because  i t  would r e s u l t  
i n  l o s s  o f  s e n s i t i v i t y .  F re e  atom s a r e  known^3 t o  a b s o rb  
r a d i a t i o n  o n ly  ove r  a n a rrow  ran g e  of abou t  0 .0 0 2  nm. The 
s p e c t r a l  bandpass  o f  th e  m onochromator used  i n  t h i s  s tu d y  was 0 .2  
nm a t  a s l i t  s e t t i n g  o f  100 m ic r o m e te r s .  T h e r e f o r e ,  a l a r g e  
p o r t i o n  o f  th e  r a d i a t i o n  f a l l i n g  on th e  d e t e c t o r  was u n a b s o rb a b le  
b ro a d  band r a d i a t i o n .  A b s o r p t io n  of th e  na rro w  a to m ic  l i n e  would 
c a u se  o n ly  a s m a l l  d e c r e a s e  i n  th e  s i g n a l  r e a c h in g  th e  d e t e c t o r .  
T h is  would r e s u l t  i n  p o o re r  s e n s i t i v i t y  t h a n  i f  a l l  o f  t h e  r a d i a ­
t i o n  r e a c h in g  th e  d e t e c t o r  was a b le  to  be a b s o rb e d .  The b ro ad ­
band e m is s io n  was p ro b a b ly  due t o  c h l o r i d e ,  w hich in t r o d u c e d  th e  
p o s s i b i l i t y  o f  a  p o s i t i v e  e r r o r  I f  c h l o r i d e  i n  a sam ple ( u r i n e ,  
b l o o d ,  w a t e r )  a b s o rb e d  t h i s  background  e m is s io n  and was i n t e r ­
p r e t e d  a s  m e rc u ry .  Background c o r r e c t i o n  u s in g  a d e u te r iu m  lamp 
i s  b ased  on th e  a s su m p t io n  t h a t  a to m ic  a b s o r p t i o n  m easurem ents  a re  
made u s in g  a v e r y  n a rro w  l i n e  s o u r c e .
O the r  s a l t s  were t r i e d  but none were s u i t a b l e .  Hg2^l2>
HgSO^ and HgN0 3  su b lim ed  and d id  n o t  f u s e ,  w h i le  r e d  HgO 






























FIGURE L : EMISSION SPECTRA OF A Zn-Hg AMALGAM CATHODE AND A 
HgCl2  FUSED SALT CATHODE. THE DEMOUNTABLE HOLLOW CATHODE 
LAMP WAS USED. THE REGION FROM 1 6 2 -1 9 0  nm IS SHOWN. IN 
BOTH CASES, THE I 8L .9 nm Hg RESONANCE LINE WAS SUPERIMPOSED ON 
BROAD BACKGROUND EMISSION.
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d e p o s i t e d  a s  a f i n e  powder and would no t a d h e re  t o  th e  s i d e s  of 
t h e  c a th o d e  c up . An I n t e r e s t i n g  o b s e r v a t i o n  was made w i th  r e g a rd  
t o  th e  HgCl2  f u s e d  s a l t  c a th o d e s  p r e p a r e d  i n  f r e s h l y  m achined 
b r a s s  cups and p r e v i o u s l y  u sed  b r a s s  c u p s .  Those p r e p a r e d  i n  th e  
u se d  b r a s s  c a th o d e  were w h i te  when fu s e d  and s ta y e d  w h i t e ;  th o s e  
p r e p a r e d  i n  new b r a s s  cups were w h i te  when f r e s h l y  made, bu t 
t u r n e d  l i g h t  g r e e n  o v e r n ig h t  and gave red u c e d  i n t e n s i t y  a t  th e  
18 4 .9  nm l i n e .  I t  i s  p o s s i b l e  t h a t  th e  Hg am algam ated w i th  th e  
b r a s s  and was r e p l a c e d  i n  t h e  s a l t  by Cu.
Due to  t h e s e  p ro b le m s ,  s e v e r a l  d i f f e r e n t  c a th o d e s  were p r e ­
p a re d  by am algam ating  m ercury  w i th  v a r i o u s  m e t a l s .  A Barnes go ld  
c a th o d e  was am algam ated by f i l l i n g  i t  w i th  d i s t i l l e d  e l e m e n ta l  
m e rc u ry ,  a l l o w in g  i t  t o  s t a n d  f o r  a few days  and p o u r in g  ou t th e  
e x c e s s  m e rc u ry .  A s i l v e r - t i n  m ercu ry  c a th o d e  was p re p a re d  from 
com m erc ia l  d e n t a l  a m a l g a m - f i l l i n g  m a t e r i a l .  The d e n t a l  amalgam 
was packed  i n t o  a b r a s s  c a th o d e  cup and a l lo w e d  t o  s e t .  A h o le  
was d r i l l e d  th ro u g h  th e  c e n t e r  of th e  amalgam t o  make th e  c a th o d e .  
S q u a res  o f  co p p e r  and z in c  f o i l  ( 1 . 5  cm lo n g )  w ere  am algam ated by 
B oaking i n  e l e m e n t a l  m ercury  f o r  a few d a y s .  The am algam ated f o i l  
was r o l l e d  i n t o  a h o l lo w  c y l i n d e r  w i th  a d ia m e te r  s l i g h t l y  l e s s  
t h a n  th e  i n n e r  d ia m e te r  of t h e  b r a s s  c a th o d e  cup . The f o i l  was 
i n s e r t e d  i n t o  th e  c a th o d e  cup and p r e s s e d  a g a i n s t  th e  w a l l  of th e  
c u p .  B m iss ion  s p e c t r a  f o r  t h e s e  amalgam c a th o d e s  a r e  shown i n  
F ig u r e s  4 - 6 .  The am algam ated  c o p p e r  f o i l  f lo w - th r o u g h  c a th o d e  
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Ag -Hg  CATHODE
FIGURE 5 :  EMISSION SPECTRA OF Au-Hg AMALGAM AND Ag-Hg DENTAL 
AMALGAM CATHODES. THE REGION FROM 1 8 2 -1 9 0  n o  IS  SHOW.
THE DEMOUNTABLE HOLLOW CATHODE LAMP WAS USED.
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FIGURE 6 :  EMISSION SPECTRA FROM Cu FO IL-H g AMALGAM FLOW­
THROUGH AND CONVENTIONAL CATHODES. THE FLCW-THROUGH CATHODE 
GAVE SHARP ATOMIC EMISSION LINES AT 2 5 5 -7  nm (A ) AND 1 8 4 .9  nm 
(B ) WITH NO BACKGROUND EMISSION OR INTERFERING LINES. THE 
CONVENTIONAL CATHODE (C ) ALSO GAVE ACCEPTABLE EMISSION AT 
1 8 4 .9  nm. THE DEMOUNTABLE HOLLOW CATHODE LAMP WAS USED.
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no b ro ad —band e m is s io n  or i n t e r f e r i n g  a tom ic  l i n e s • I t  was a l s o  
e a s y  to  p r e p a r e  and l e s s  e x p e n s iv e  t h a n  s i l v e r  or g o ld  amalgams*
An am algam ated f o i l  c a th o d e  l a s t e d  f o r  abou t  one month b e fo r e  th e  
m ercu ry  was s p u t t e r e d  o f f  and th e  f o i l  had t o  be r e p l a c e d .  Amal­
gam ated  co p p e r  f o i l  f lo w - th r o u g h  c a th o d e s  were used  f o r  th e  work 
d e s c r i b e d  i n  t h i s  d i s s e r t a t i o n .
Optimum o p e r a t i n g  c o n d i t i o n s  f o r  t h i s  c a th o d e  were d e te rm in e d  
by m e a su r in g  th e  a b s o rb a n c e  of a  m ercury  v a p o r  s t a n d a r d  a t  v a r io u s  
c u r r e n t s  and f i l l e r  gas  p r e s s u r e s .  The c o m b in a t io n  of he lium  
f i l l e r  gas  a t  a p r e s s u r e  o f  667 Pa and a lamp c u r r e n t  of 2 mA 
g e n e r a te d  th e  g r e a t e s t  a b so rb a n c e  f o r  th e  s t a n d a r d .  These were 
th e  o p e r a t i n g  c o n d i t i o n s  w hich were used  f o r  a n a l y s i s  of sa m p le s ,  
i i .  Beckman D eu te rium  Lamp
A com m erc ia l  Beckman d e u te r iu m  lamp and power 
s u p p ly  were used  to  p r o v id e  a b ro ad -b a n d  so u rc e  to  m easure  back­
ground  m o le c u la r  a b s o r p t i o n ,
c .  Chopper
The chopper c r e a t e d  a  m odu la ted  s i g n a l  from  th e  l i g h t  
s o u r c e ,  w hich was th e n  d i r e c t e d  th ro u g h  th e  l i g h t  p a th  of th e  
a t o m i z e r .  An A.C. a m p l i f i e r  was u sed  to  m o n i to r  o n ly  th e  i n t e r ­
r u p t e d  s i g n a l  c r e a t e d  by th e  c h o p p e r .  E m iss io n  o f  l i g h t  by 
e x c i t e d  atoms i n  th e  l i g h t  p a th  on r e t u r n  to  t h e i r  ground s t a t e  
was D.C. e m is s io n  and was n o t  d e t e c t e d .  The use  of a chopper 
e l i m i n a t e d  s p e c t r a l  I n t e r f e r e n c e  due to  e m is s io n  by components of 
t h e  sam ple .
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d .  A tom izer
The a b s o r p t i o n  c e l l  was c o n s t r u c t e d  of s p e c t r o s c o p i ­
c a l l y  pu re  q u a r t z  i n  th e  shape  of a "T". A d iag ra m  i s  g iv e n  i n  
F ig u re  7 . The c r o s s p i e c e  was 36 cm lo n g ,  w i th  an I .D .  o f  1 .2  cm. 
The s tem  o f  th e  "T" was 1 5 .2  cm lo n g ,  w i th  an  I .D .  o f  2 .5  cm. Two 
q u a r t z  d i s k s  were f u s e d  t o  t h e  ends  o f  th e  c r o s s p i e c e ;  t h i s  s e rv e d  
a s  th e  o p t i c a l  l i g h t  p a th .  Two vacuum p o r t s ,  l o c a t e d  a p p r o x i ­
m a te ly  2 .5  cm from  th e  ends  of th e  c r o s s p i e c e ,  were co n n e c te d  t o  a 
vacuum pump w hich m a in ta in e d  a c o n s t a n t  f low  th ro u g h  th e  c e l l .  The 
c r o s s p i e c e  o f  th e  "T” was wound w i th  n ichrom e w ire  and s e v e r a l  
l a y e r s  o f  a s b e s t o s  c o rd  and t a p e .  A c u r r e n t  of 7 A was p assed  
th ro u g h  th e  w ire  to  h e a t  th e  l i g h t  p a th  t o  a t e m p e ra tu re  of a t  
l e a s t  900°C. H e a t in g  o f  th e  l i g h t  p a th  was n e c e s s a r y  t o  e n s u re  
t h a t  atoms e n t e r i n g  i t  from th e  ca rb o n  bed rem ained  i n  th e  a tom ic  
s t a t e .
The v e r t i c a l  s tem  o f  th e  "T” was f i t t e d  w i th  a q u a r t z  in n e r  
s l e e v e  ( I .D .  = 2 . 0  cm, O.D. = 2 . 3  cm). T h is  s l e e v e  was packed 
w i th  p i e c e s  o f  c a rb o n ,  a p p ro x im a te ly  1 cm i n  l e n g t h .  The ca rb o n  
p i e c e s  were c u t  from s p e c t r o s c o p i c a l l y  pu re  ro d s  ( 0 .2 5  i n  d i a m e te r ,  
U l t r a c a r b o n  ”F" p u r i t y ,  U l t r a c a r b o n  C o r p . ) .  The bottom  of th e  
i n n e r  s l e e v e  was s l i g h t l y  t a p e r e d  to  h o ld  a p o r c e l a i n  d i s k .  The 
p o r c e l a i n  d i s k  was 2 . 0  cm i n  d ia m e te r  and was p i e r c e d  w i th  s e v e r a l  
c o n c e n t r i c  r i n g s  o f  h o l e s .  I t  had been th e  rem ovable  bo ttom  of a 
f i l t e r i n g  c r u c i b l e ,  b u t  now s e rv e d  th e  p u rpose  o f  h o ld in g  th e  
c a rb o n  p i e c e s  i n  th e  i n n e r  s l e e v e  w h i le  a l l o w in g  f r e e  a i r  f low
T — ) PO SITIVE PRESSURE
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t h ro u g h  th e  a to m iz e r  c e l l .  The I n n e r  s l e e v e  p r e v e n te d  d e v i t r i f i ­
c a t i o n  o f  th e  a b s o r p t i o n  c e l l  i t s e l f  cau sed  by r e p e a t e d  h e a t i n g  of 
t h e  c a rb o n  b ed . T h e . i n n e r  s l e e v e  was e a sy  to  r e p l a c e  when i t  
became d i v i t r i f i e d ,  and was e a sy  t o  remove f o r  r e f i l l i n g  w i th  
c a rb o n  w i th o u t  d i s r u p t i n g  th e  a l ig n m e n t  o f  th e  l i g h t  p a th .
The c a rb o n  bed in  th e  s tem  of th e  "T" was h e a te d  by r a d i o ­
f r e q u e n c y  ( r f )  i n d u c t i o n  and was m a in ta in e d  a t  1450°C. An o p t i c a l  
p y ro m e te r  was used  to  m o n ito r  th e  t e m p e ra tu re  of th e  bed .
Oxygen i n  t h e  a i r  drawn o v e r  th e  c a rb o n  bed was c o n v e r te d  to  
CO a t  t e m p e r a t u r e s  g r e a t e r  t h a n  900°C. T h is  p r o v id e d  a r e d u c in g  
a tm o sp h e re  f a v o r a b l e  to  t h e  f o r m a t io n  of f r e e  atom s from a sample 
i n t r o d u c e d  i n t o  t h e  a to m iz e r .
The bed was c le a n e d  b e fo r e  use  e a ch  day by h e a t i n g  i t  to  
1450°C and  w a i t i n g  u n t i l  the , r e s o n a n c e  s i g n a l  r e t u r n e d  to  100% 
t r a n s m i s s i o n .  At t h i s  p o i n t ,  i t  was assumed t h a t  no m ercury  
c o n ta m in a t io n  was p r e s e n t  on th e  s u r f a c e  of t h e  c a rb o n ,
e .  P u rg in g  Gases
In  o r d e r  to  use  t h e  184 .9  nm re s o n a n c e  l i n e ,  i t  was 
n e c e s s a r y  t o  remove as much oxygen from  th e  l i g h t  p a th  as  p o s s i b l e .  
The m onochrom ator was pu rged  w i th  n i t r o g e n ;  th e  a to m iz e r  was 
p u rg ed  w i th  a m ix tu re  o f  N2  and 0 2 * Com m ercial com pressed  
n i t r o g e n  was p a s s e d  th ro u g h  a  s c r u b b in g  t r a i n  o f  s i l i c a  g e l ,  
r e s l s t i v e l y - h e a t e d  copper  t u r n i n g s  and a c t i v a t e d  c h a r c o a l  to  
remove oxygen and o t h e r  i m p u r i t i e s .  The s c ru b b e d  n i t r o g e n  was 
s p l i t  i n t o  two s t r e a m s ,  one t o  t h e  m onochrom ator and one t o  th e
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a to m iz e r  c e l l .  The n i t r o g e n  which e n t e r e d  th e  a to m iz e r  was mixed 
w i th  a s m a l l  amount of oxygen ( 2 0 :1  (V/V) r a t i o )  w hich  had been 
p a s s e d  th ro u g h  s i l i c a  g e l  and a c t i v a t e d  c h a r c o a l .  Some oxygen was 
needed  In  t h e  a to m iz e r  to  i n s u r e  com ple te  d e c o m p o s i t io n  o f  b io ­
l o g i c a l  sa m p le s .  P u rg in g  gas was s u p p l i e d  t o  th e  a to m iz e r  a t  275 
mL/min and t o  th e  monochrom ator a t  2 L /m in .
The f i r s t  purge  gas  i n l e t  sys tem  f o r  th e  a to m iz e r  c o n s i s t e d  
o f  a o n e -h o le d  ru b b e r  s to p p e r  w i th  a s h o r t  p ie c e  of g l a s s  t u b in g  
th r o u g h  i t .  The g l a s s  t u b in g  was a t t a c h e d  to  th e  Tygon hose  from 
th e  sc ru b b e d  gas s o u r c e .  The s to p p e r  was i n s e r t e d  i n t o  th e  to p  of 
t h e  a to m iz e r .  The ru b b e r  s to p p e r  had to  be removed to  i n s e r t  a 
sam p le .  T h is  was u n d e s i r a b l e  because  i t  a l lo w e d  am b ien t  a i r  I n to  
t h e  a t o m i z e r ,  w hich a b s o rb e d  th e  1 8 4 .9  nm l i n e .  I t  a l s o  c r e a t e d  
t u r b u l e n c e  i n s i d e  th e  a to m iz e r  which d i s t u r b e d  th e  ca rb o n  bed and 
c a u se d  c a rb o n  d u s t  to  f a l l  i n t o  th e  l i g h t  p a th .  A new i n l e t  
sy s te m  was d e s ig n e d  to  e n a b le  s im u l ta n e o u s  i n t r o d u c t i o n  of a 
sam ple and f l u s h i n g  w i t h  s c ru b b e d  g a s .  A b r a s s  cap w i th  a "T" 
i n t e r s e c t i o n ,  t h r e a d e d  to  6 crew  i n t o  th e  to p  o f  t h e  a t o m i z e r ,  was 
made by th e  d e p a r tm e n ta l  m a c h i n i s t s  ( F ig u r e  8 ) .  Purge  gas  was 
i n t r o d u c e d  i n t o  t h e  s tem  o f  t h e  "T" and sam ples  were i n s e r t e d  
t h r o u g h  th e  c r o s s p i e c e .
f . M onochromator and D e te c to r
L ig h t  w hich p a s se d  th ro u g h  th e  a to m iz e r  l i g h t  p a th  was 
f o c u s e d  o n to  th e  e n t r a n c e  s l i t  of  th e  m onochrom ator. The mono­
c h ro m a to r  was m o d if ie d  t o  a l lo w  p u rg in g  o f  th e  i n t e r i o r  w i th
P O S IT IV E PRESSURE PURGE GAS SYSTEM
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FIGURE 8 :  THE POSITIVE PRESSURE PURGE GAS SYSTEM EXCLUDED AMBIENT 
AIR FROM THE ATOMIZER. NO SAMPLE WAS LOST THROUGH THE TOP OF 
THE ATOMIZER.
s c ru b b e d  n i t r o g e n .  A h o le  was ta p p e d  I n  th e  m onochrom ator h o u s in g  
and a v a lv e  w i th  s t a n d a r d  1 /4  I n .  Swagelok f i t t i n g s  was i n s e r t e d .  
The v a lv e  was c o n n e c te d  t o  t h e  sc ru b b e d  n i t r o g e n  l i n e .  The mono­
c h ro m a to r  c o n ta in e d  a  d i f f r a c t i o n  g r a t i n g  ( 1 1 2  l i n e s / c m )  w hich 
s e p a r a t e d  th e  w a v e le n g th  o f  i n t e r e s t  and fo c u s e d  i t  o n to  th e  
p h o t o m u l t i p l i e r .  The p h o t o m u l t i p l i e r  tu b e  used  i n  t h i s  s tu d y  was 
a Hamamatsu R106-UH. T h is  tu b e  had a r e s p o n s e  c u rv e  which 
e x te n d e d  down to  180 nm and was d e s ig n e d  f o r  maximum s e n s i t i v i t y  
i n  t h e  f a r  u l t r a v i o l e t  r e g i o n .  The s i g n a l  from  th e  p h o to ­
m u l t i p l i e r  tu b e  (P .M .T .)  was a m p l i f i e d  u s in g  a p h a s e - s e n s i t i v e  
A.C. a m p l i f i e r  and r e c o r d e d  on a s t r i p - c h a r t  r e c o r d e r .
g .  L enses  and O p t i c a l  System
Two 3 .0  cm d i a m e te r ,  10 cm f o c a l  l e n g t h ,  q u a r t z  p la n o ­
convex l e n s e s  were used  to  m aximize t h e  r a d i a n t  e n e rg y  a v a i l a b l e  
from th e  s y s te m . One l e n s  was s i t u a t e d  such  t h a t  th e  r a d i a t i o n  
from th e  l i g h t  s o u rc e  was c o l l e c t e d  and d i r e c t e d  a lo n g  th e  l i g h t  
p a th  o f  t h e  q u a r t z  "T " .  The second  l e n s  fo c u s e d  r a d i a t i o n  
em erg ing  from  th e  l i g h t  p a th  o f  th e  q u a r t z  *'T" o n to  t h e  mono­
c h ro m a to r  s l i t .
The r a d i a t i o n  s o u r c e s ,  l e n s e s ,  c h o p p e r ,  q u a r t z  " T " , and mono­
c h ro m a to r  were mounted on a  t r i a n g u l a r  3 -m e te r  o p t i c a l  r a i l  t o  
p e rm i t  e a s y  and r e p r o d u c i b l e  o p t i c a l  a l ig n m e n t .
h .  O th e r  Equipment
i .  E ppendorf  5 pL a u t o p i p e t t e  
i i .  H am il to n  m i c r o l i t e r  s y r i n g e ,  No. 701 , 10 pL
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111. Drummond 1-5  yL m ic r o d i s p e n s e r
i v .  Whatman 41 a s h l e s s  f i l t e r  p aper  
v .  U l t r a c a r b o n  " G r a p h o i l "  p y r o l y t i c  g r a p h i t e -  
c o a te d  g r a p h i t e ,  .0125  cm t h i c k n e s s
v i .  U l t r a c a r b o n  U l t r a  "F” p u r i t y  c a rb o n  r o d s ,  0 .6 2 5  
cm d ia m e te r  
v i i .  6  mm p a p e r  punch 
v i i i .  O p t i c a l  p y ro m e te r ,  Leeds and N o r th ru p  Model 
8632-C , 750°-3500°C r a n g e
i x .  H am il ton  " G a s t i g h t "  gas  s y r in g e  //1001, 1 mL 
c a p a c i t y
x .  P r e c i s i o n  Sam pling  C o r p o r a t i o n  " P r e s s u r e  Lok" 
g as  s y r i n g e ,  10 mL c a p a c i t y  
x l .  S t a i n l e s s  s t e e l  tw e e z e r s  
x i i .  F i n n p i p e t t e ,  1 -5  pL a u t o p i p e t t e
2 . C h em ica ls  and R e a g e n ts
A l l  c h e m ic a ls  used  i n  t h e s e  s t u d i e s  were ACS Reagent Grade 
w henever p o s s i b l e .  Those w hich  were n o t  w i l l  be so  n o te d .  
D e io n iz e d  d i s t i l l e d  w a te r  was u se d  f o r  t h e  p r e p a r a t i o n  o f  a l l  
r e a g e n t s ,  s t a n d a r d s ,  and d i l u t i o n s .
a .  D i s t i l l e d  e l e m e n t a l  m ercu ry
b .  S tock  1000 ppm Hg ( i n o r g a n i c )  s t a n d a r d .  P re p a re d  by 
d i s s o l u t i o n  of 1 .3540  g HgCl2  (MCB, I n c . )  and  1 .5  
mL cone HNO3  (MCB, I n c . )  and d i l u t i o n  t o  1 L w i th  
d e io n iz e d  d i s t i l l e d  w a te r
S tock  1000 ppm Hg ( o r g a n i c )  s t a n d a r d .  P re p a r e d  by 
d i s s o l u t i o n  of 0 .1 2 5 1  g Ct^HgCl (A l fa  I n o r g a n i c s )  
and d i l u t i o n  to  100 mL w i th  benzene ( M a l l i n c k r o d t )
10% (V/V) HNO3  
Benzene ( M a l l i n c k r o d t )
1% c y s t e i n e  a c e t a t e .  P re p a re d  by d i s s o l u t i o n  o f  1 g 
L - c y s t e in e  m o n o h y d ro ch lo r id e  (G e n e ra l  B io c h e m ic a l s ,  
n o t  r e a g e n t  g r a d e ) ,  0 . 8  g sodium a c e t a t e  ( A l l i e d  
C h em ica l)  and 1 2 .5  g sodium s u l f a t e  ( A l l i e d  C h e m ic a l)  
i n  100 mL d e io n iz e d  d i s t i l l e d  w a te r*  The s o l u t i o n  was 
washed 3x w i th  10 mL p o r t i o n s  o f  b en z en e .
C o n c e n t r a te d  HC1 (MCB, I n c . )
1000 ppm Hg s to c k  s t a n d a r d ,  c o m m e rc ia l ly  p re p a r e d  
(Kemron E n v iro n m e n ta l  S e r v i c e s )
P o ta ss iu m  p e rm angana te  s o l u t i o n .  P re p a re d  by d i s s o l u ­
t i o n  of 50 g KMnO/j ( M a l l i n c k r o d t )  and d i l u t i o n  to  
1 L w i th  d e io n iz e d  d i s t i l l e d  w a te r
P o ta ss iu m  p e r s u l f a t e  s o lu t io n *  P re p a r e d  by d i s s o l u ­
t i o n  o f  50 g K2 S 2 0 q (B a k e r)  and  d i l u t i o n  to  1 
L w i th  d e io n iz e d  d i s t i l l e d  w a t e r .
Sodium c h lo r id e - h y d ro x y la m in e  s u l f a t e  s o l u t i o n .  P r e ­
p a re d  by d i s s o l u t i o n  of 120 g NaCl (MCB, I n c . )  and  120 
g (NH^OH)^ • ( M a l l i n c k r o d t )  and  d i l u t i o n  to  1 L
w i th  d e io n iz e d  d i s t i l l e d  w a te r
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1 .  S tannous  c h l o r i d e  s o l u t i o n .  P re p a re d  by d i s s o l u t i o n  
o f  100 g SnCl2  (B a k e r)  and 1 2 .5  mL cone HC1 and 
d i l u t i o n  t o  1 L w i th  d e io n iz e d  d i s t i l l e d  w a t e r ,  
m. C o n c e n t r a te d  H2 SO4  (MCB, I n c . )
n .  D e io n iz e d  d i s t i l l e d  w a te r .  P re p a r e d  by p a s s in g  i n -  
house  d i s t i l l e d  w a te r  th ro u g h  a m ixed -bed  io n  exchange 
column ( Io n e x c h a n g e r  model 2 , I l l i n o i s  Water T re a tm e n t  
C o . ) .
3. P ro c e d u re s  f o r  th e  D i r e c t  D e te rm in a t io n  o f  M ercury i n  W ater
a .  O p e ra t in g  P a ra m e te r s
T y p ic a l  o p e r a t i n g  p a ra m e te r s  were as  f o l l o w s :
i .  Hollow c a th o d e  lamp: 2 mA c u r r e n t ,  He f i l l e r  gas
i i .  Carbon bed t e m p e r a t u r e :  1450°C
i l l .  A tom izer  purge  g a s :  Purge  gas  was s u p p l i e d  to
th e  a to m iz e r  a t  275 mL/min, s l i g h t l y  f a s t e r  
th a n  th e  u s u a l l y  c e l l  pumping r a t e  o f  250 mL/ 
m in . T h is  p ro v id e d  a p o s i t i v e  p r e s s u r e  
sy s te m  and p r e v e n te d  t h e  e n t r a n c e  of am bien t 
a i r  i n t o  t h e  a to m iz e r .  ( F ig u r e  8 . )  
i v .  L ig h t  p a th  t e m p e r a t u r e :  900°C
v .  S l i t  w id th :  100 pm ( a t  184 .9  nm re s o n a n c e
l i n e ) ;  25 pm ( a t  253 .7  nm re s o n a n c e  l i n e )  
v l .  W aveleng th :  1 8 4 .9  nm; 253 .7  nm
v i i .  M onochromator purge  g a s :  s c ru b b e d  N2 >
2 L /m in .
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v i i i .  P .M.T. v o l t a g e :  500V
I x .  C e l l  pumping r a t e : 250 mL/min
x .  A m p l i f i e r :  ACVM mode, 200 uV s e n s i t i v i t y ,  100
ms t im e  c o n s ta n t
x i .  R e c o rd e r :  100 mV, l i n e a r  mode
b . Sample C o l l e c t i o n
W ater sam ples  were c o l l e c t e d  from s e v e r a l  s o u rc e s  i n  
t h e  C h e m is t ry  b u i l d i n g .  D e io n iz e d  d i s t i l l e d  w a te r  from t h i s  
l a b o r a t o r y  and from  2 o th e r  l a b o r a t o r i e s  was a n a ly z e d .  Tap w a te r  
from  s e v e r a l  f a u c e t s  i n  t h i s  l a b o r a t o r y  was a n a ly z e d .  A l l  
i n - h o u s e  w a te r  sam ples  were c o l l e c t e d  im m e d ia te ly  b e fo r e  a n a l y s i s  
i n  n i t r i c  a c i d - c l e a n e d  P yrex  t e s t  t u b e s .
Tap w a te r  sam ples  were c o l l e c t e d  from a number of Baton Rouge 
p r i v a t e  homes and a p a r t m e n t s .  Tap w a te r  sam ples  from  E l  Dorado, 
A rk a n s a s ,  l a k e  w a te r  from Lake M aurepas ,  L o u i s ia n a  and from th e  
G ulf  of Mexico were c o l l e c t e d .  These sam ples  were c o l l e c t e d  i n  
n i t r i c  a c i d - c l e a n e d  250 mL p o l y e t h y le n e  b o t t l e s  w i th  sc rew  c a p s .
No p r e s e r v a t i v e  was added t o  a v o id  c o n ta m in a t io n  o f  t h e  s a m p le s .  
Samples were a n a ly z e d  a s  soon a s  p o s s i b l e  a f t e r  c o l l e c t i o n .  In  
most c a s e s ,  t h i s  was w i t h in  24 h o u rs  o f  c o l l e c t i o n .
c .  Development o f  a  T echn ique  f o r  L iq u id  Sample I n t r o ­
d u c t i o n
i .  D i r e c t  I n j e c t i o n  w i th  a M ic r o p ip e t t e
Sample I n t r o d u c t i o n  i n t o  t h e  a to m iz e r  was 
a t t e m p te d  by d i r e c t  i n j e c t i o n  o f  5 yL a l i q u o t s  o f  w a te r  w i th  an
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E ppendo rf  o r  F i n n p i p e t t e  m i c r o p i p e t t e .  The sample was i n j e c t e d  
on to  a  h o t  (1450°C) c a rb o n  bed . At 1 8 4 .9  nm, 5 yL a l i q u o t s  of 
d e io n i z e d  d i s t i l l e d  w a te r  e x h i b i t e d  background  a b s o r p t i o n  s i g n a l s  
o f  a b o u t  90% a b s o r p t i o n ,  so a s m a l l e r  a l i q u o t  was r e q u i r e d .  T h is  
r u l e d  out th e  use  o f  th e  m i c r o p i p e t t e  a t  184 .9  nm, be c au se  a 1 yL 
a l i q u o t  would no t f a l l  o f f  t h e  end o f  th e  p i p e t t e  t i p  o n to  th e  
c a rb o n  b ed . I n j e c t i o n  o f  a 5 yL a l i q u o t  of w a te r  g e n e r a l l y  
r e s u l t e d  i n  a 10-15% r e s o n a n c e  a b s o r p t i o n  s i g n a l  and 0-5% b a c k ­
g round  a b s o r p t i o n  s i g n a l  a t  253 .7  nm. A lth o u g h  t h e s e  s i g n a l s  were 
o f  r e a s o n a b le  i n t e n s i t y ,  th e  method s u f f e r e d  from  poor r e p r o d u c i ­
b i l i t y .  A b s o rp t io n  s i g n a l s  v a r i e d  i n  shape  from s h a rp  s p ik e s  to  
b ro ad  t a i l i n g  p e a k s .  I n j e c t i o n  o f  5 yL a l i q u o t s  o f t e n  caused  
v i s i b l e  d i s r u p t i o n  o f  th e  c a rb o n  bed s u r f a c e ,  w i th  c a rb o n  d u s t  
b e in g  d i s lo d g e d  i n t o  th e  a i r  above th e  bed . A f t e r  some i n j e c ­
t i o n s ,  an  e x p lo s i o n  o c c u r r e d  as  th e  sam ple b u rn e d ,  w hich blew hot 
g a s e s  out of th e  to p  of th e  a to m iz e r .  These o b s e r v a t io n s  i n d i ­
c a te d  t h a t  one r e a s o n  f o r  poor r e p r o d u c i b i l i t y  was a d i f f e r e n c e  i n  
r e a c t i o n  of th e  sample a t  th e  ca rb o n  s u r f a c e .  The l a c k  of r e p r o ­
d u c i b i l i t y  r e n d e r e d  t h i s  method of sample i n t r o d u c t i o n  u n s u i t a b l e ,
i i .  F i l t e r  P a p e r  D isk  Method
S m all  f i l t e r  p a p e r  d i s k s  had been  used  f o r  th e  
i n t r o d u c t i o n  o f  aqueous cadmium s t a n d a r d s  i n t o  th e  q u a r t z  "T" 
a t o m iz e r .  ^-26 i n t r o d u c t i o n  o f  a 1 yL sam ple  on a  f i l t e r  paper  
d i s k  had been  found to  r e d u c e  m o le c u la r  a b s o r p t i o n  by i n c r e a s i n g  
th e  c o n t a c t  t im e  and c o n ta c t  a r e a  betw een  th e  sam ple and th e
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c a rb o n  b ed . Samples which were i n t r o d u c e d  on t h e s e  d i s k s  a p p e a re d  
t o  burn  more e v e n ly  th a n  sam ples  which were i n j e c t e d  d i r e c t l y  i n t o  
t h e  a to m iz e r .
F i l t e r  p ap e r  d i s k s  were p r e p a r e d  by c u t t i n g  Whatman #41 
a s h l e s s  f i l t e r  p ap e r  I n to  d i s k s  o f  6  mm d ia m e te r  w i th  a p aper  
punch . D isks  were c le a n e d  by two 24 ho u r  s o a k in g s  i n  10% HNO3 , 
u s in g  two f r e s h  p o r t i o n s  of a c i d .  The d i s k s  were th e n  p la c e d  i n  a 
Buchner f u n n e l ,  r i n s e d  w i th  c o p io u s  amounts of d e io n iz e d  d i s t i l l e d  
w a t e r ,  and p a r t i a l l y  d r i e d  by a p p l i c a t i o n  o f  v a c u u ra - s u c t io n .  The 
d i s k s  were c o v e re d  by a s h e e t  o f  f i l t e r  p a p e r  d u r in g  th e  d ry in g  
s t e p .  D isk s  were a l lo w e d  to  d ry  c o m p le te ly  by s t a n d i n g  a t  room 
t e m p e r a tu r e  i n  a c l e a n  a i r  e n v iro n m e n t .
One o r  two m i c r o l i t e r  a l i q u o t s  of w a te r  were p la c e d  on f i l t e r
p a p e r  d i s k s  w i th  a H am il to n  m i c r o l i t e r  B y r in g e .  T h is  e l i m i n a t e d
th e  p rob lem  of d rop  hang -up  w hich o c c u r r e d  w i th  d i r e c t  i n j e c t i o n ,
be c au se  t h e  s y r in g e  t i p  was to u ch e d  to  th e  d i s k  and th e  l i q u i d  was
drawn out by c a p i l l a r y  a c t i o n .  D isks  were p ic k e d  up and d ropped  
i n t o  t h e  a to m iz e r  w i th  a  p a i r  of s t a i n l e s s  s t e e l  t w e e z e r s .  The 
t i p s  o f  th e  tw e e z e r s  were c le a n e d  p e r i o d i c a l l y  by b e in g  h e ld  i n  a 
Bunsen b u r n e r  f la m e .
A c id - c l e a n e d  f i l t e r  p a p e r  d i s k s  w i th  no sam ple on them 
g e n e r a t e d  l a r g e  and w i d e ly - v a r y i n g  r e s o n a n c e  a b s o r p t i o n  s i g n a l s  of 
40-60% a b s o r p t i o n  a t  1 8 4 .9  nm. The f l u c t u a t i o n s  i n  a b s o r p t i o n  
i n t e n s i t y  were p ro b a b ly  due to  i n c o n s i s t e n t  c l e a n i n g  o f  th e  d i s k s  
by th e  method u s e d .  A t tem p ts  were made to  v o l a t i l i z e  m ercury  from
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t h e  f i l t e r  p ap e r  d i s k s  by h e a t i n g  a c i d - c l e a n e d  d i s k s  i n  th e  
a to m iz e r*  A l a y e r  o f  d i s k s  was p la c e d  on to p  of a few p i e c e s  of 
c a rb o n  i n  th e  i n n e r  s l e e v e .  The r f  g e n e r a t o r  was n o t  t u rn e d  on; 
d i s k s  were h e a te d  by a i r  from  th e  h e a te d  l i g h t  p a th  u n t i l  th e y  
were s l i g h t l y  c h a r r e d .  T h is  h e lp e d  to  red u c e  b o th  th e  re so n a n c e  
and background  a b s o r p t i o n  s i g n a l s .  The c h a r r i n g  o f  t h e  d i s k s  was 
n o t  u n i fo rm  and th e  a b s o r p t i o n  s i g n a l s  were s t i l l  e r r a t i c .  The 
s i z e  of th e  d i s k s  was d e c re a s e d  by u s in g  a 3 m m -diam eter paper  
p unch . S i g n i f i c a n t  a b s o r p t i o n  of b o th  th e  r e s o n a n c e  and d e u te r iu m  
s i g n a l s  was s t i l l  o b se rv e d  and th e  r e p r o d u c i b i l i t y  was s t i l l  p o o r .  
For ex am p le ,  h e a t  and a c i d - c l e a n e d  3 mm f i l t e r  p a p e r  d i s k s  
g e n e r a t e d  an a v e ra g e  re s o n a n c e  a b s o r p t i o n  s i g n a l  o f  3 0 .7  +  7.9% 
a b s o r p t i o n  (mean + o )  and  a background a b s o r p t i o n  s i g n a l  o f  1 2 . 2  +  
2 . 0 % a b s o r p t i o n ,  w h i le  u n c le a n e d  f i l t e r  p a p e r  d i s k s  g e n e ra te d  
a v e ra g e  r e s o n a n c e  and background a b s o r p t i o n  s i g n a l s  of 375. +
14.9% and 1 8 .4  + 7.5%, r e s p e c t i v e l y .  Acid and h e a t  c l e a n in g  
t h e r e f o r e  r e s u l t e d  i n  a  2 2 % d e c r e a s e  i n  re s o n a n c e  a b s o r p t i o n  and a 
35% d e c r e a s e  i n  background  a b s o r p t i o n  compared to  u n c le a n e d  d i s k s .  
A c o m p a r iso n  o f  a b s o r p t i o n  s i g n a l s  from  c le a n e d  and u n c le a n e d  
f i l t e r  p a p e r  d i s k s  i s  p r e s e n t e d  i n  T a b le  2.
A 30% a b s o r p t i o n  s i g n a l  from a b la n k  f i l t e r  p a p e r  d i s k  was 
f e l t  t o  be to o  h ig h  to  a l lo w  q u a n t i t a t i v e  a n a l y s i s ,  so  o th e r  
m ethods of sample i n t r o d u c t i o n  were i n v e s t i g a t e d ,
i i i .  Carbon D isk  Method
I n t r o d u c t i o n  o f  l i q u i d  sam ples  i n t o  th e  a to m iz e r
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on s m a l l  d i s k s  was s t i l l  an  a t t r a c t i v e  I d e a ,  so a m a t e r i a l  was 
so u g h t  w hich would g iv e  s m a l l e r  a b s o r p t i o n  s i g n a l s  t h a n  f i l t e r  
p a p e r .  C arbon d i s k s  had been  t r i e d  by p r e v io u s  r e s e a r c h e r s  i n  
t h i s  g r o u p l2 5 ,1 2 6  wi t h o u t  to o  much S u c c e s s .  They had used  
s l i c e s  o f  0 .2 5  c m -d iam e te r  s p e c t r o s c o p i c  c a rb o n  e l e c t r o d e s  ( U l t r a ­
c a rb o n  C o r p . ) ;  t h e  s l i c e s  were a b o u t  0 . 1 - 0 . 2  cm t h i c k .  When 
d ro p p ed  o n to  th e  ca rb o n  bed , th e  d i s k s  d i s lo d g e d  ca rb o n  d u s t  i n t o  
t h e  l i g h t  p a th .  On r e p e a t e d  h e a t i n g ,  th e  d i s k s  became p o ro u s ;  
sam ple soaked  i n t o  th e  d i s k  and to o k  a long  t im e  to  d i f f u s e  o u t .  
T h is  r e s u l t e d  i n  b road  t a i l i n g  peaks and d e c re a s e d  s e n s i t i v i t y .  
D isk s  b u i l t  up r a p i d l y  on th e  to p  of t h e  c a rb o n  b ed . T h is  low ered  
t h e  t e m p e r a tu r e  o f  th e  s u r f a c e ,  s in c e  th e  d i s k s  d id  no t co u p le  
w i th  t h e  r f  f i e l d ,  and f o r c e d  f r e q u e n t  shu t-dow ns  to  remove a c c u ­
m u la te d  d i s k s .
Mr. C a r l  L e i s t n e r ,  o f  t h e  U l t r a c a r b o n  C o r p . ,  p ro v id e d  a new 
m a t e r i a l  f o r  use  i n  c a rb o n  d i s k s .  The m a t e r i a l  was " G r a p h o i l , "  a 
t h i n  p r e s s e d  g r a p h i t e  s h e e t .  The s h e e t s  were 0 .0125  cm t h i c k  and 
were c o a te d  w i th  p y r o l y t i c  g r a p h i t e .  D isks  of 6  mm d ia m e te r  were 
c u t  from  th e  " G ra p h o i l"  s h e e t s  w i th  a  p a p e r -p u n c h .  The ca rb o n  
d i s k s  were c le a n e d  by p l a c i n g  them on th e  h o t  c a rb o n  bed (1 4 5 0 °C) 
f o r  30 m in u t e s ,  o r  u n t i l  t h e  a b s o r p t i o n  of t h e  m ercury  re so n a n c e  
l i n e  r e t u r n e d  to  z e r o .  The c a rb o n  d i s k s  were c o o le d  to  room 
te m p e r a t u r e  under  s c ru b b e d  n i t r o g e n ,  removed from th e  i n n e r  s le e v e  
and s t o r e d  i n  capped p o ly e th y le n e  v i a l s .  The d i s k s  were c le a n e d  
a p p r o x im a te ly  1 hour p r i o r  t o  U B e ,  as  i t  was o b se rv e d  t h a t  th e y
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would a b s o rb  m ercury  from  Che l a b o r a t o r y  a i r  on s t a n d i n g .
R esonance a b s o r p t i o n  i n c r e a s e d  from  0 to  27% a b s o r p t i o n  and 
background  a b s o r p t i o n  i n c r e a s e d  from 0 t o  5% o v e r  a 24 hour 
p e r i o d .  A p l o t  o f  t h e  a b s o r p t i o n  s i g n a l  w i th  t im e  f o r  c le a n e d
ca rb o n  d i s k s  i s  g iv e n  i n  F ig u r e  9.
A l i q u o t s  of 1 o r  2 m i c r o l i t e r s  were p la c e d  on ca rb o n  d i s k s
w i th  a H a m il to n  m i c r o l i t e r  s y r i n g e .  The d i s k s  were d ropped  o n to
th e  h o t  c a rb o n  bed w i th  c le a n e d  s t a i n l e s s  s t e e l  tw e e z e r s .  S ince  
t h e s e  d i s k s  were much l i g h t e r  and t h i n n e r  t h a n  th o s e  c u t  from th e  
e l e c t r o d e s ,  th e  p rob lem s o f  c a rb o n  d u s t  d i s lo d g e m e n t  and b road  
a b s o r p t i o n  peaks  d id  no t o c c u r .  A f t e r  s e v e r a l  h e a t i n g  c y c l e s ,  the  
G r a p h o i l  d i s k s  d id  become p o r o u s ,  b u t  th e y  were so t h i n  t h a t  
sam p les  r e a d i l y  d i f f u s e d  o u t .  A p p ro x im a te ly  50 i n j e c t i o n s  cou ld  
be made b e fo r e  t h e  t e m p e r a tu r e  of th e  c a rb o n  bed d ropped  s i g n i f i ­
c a n t l y .  No c o n t r i b u t i o n  t o  t h e  a b s o r p t i o n  s i g n a l  a t  e i t h e r  18 4 .9  
nm o r  253 .7  nm was made by th e  G r a p h o i l  d i s k s .  I n t r o d u c t i o n  of 
l i q u i d  sam ples  on c a rb o n  d i s k s  p roved  to  be a v e ry  s u c c e s s f u l  
t e c h n i q u e ;  i t  was u sed  e x t e n s i v e l y  i n  t h e  s t u d i e s  r e p o r t e d  i n  t h i s  
d i s s e r t a t i o n .
i v .  D i r e c t  I n j e c t i o n  W ith  t h e  Drummond M ic ro d isp e n B e r  
A no the r  t e c h n iq u e  which p roved  to  be s u c c e s s f u l  
f o r  t h e  i n j e c t i o n  o f  l i q u i d  sam ples  was d i r e c t  i n j e c t i o n  w i th  a 
m o d i f ie d  Drummond m i c r o d i s p e n s e r .  The m ic r o d i s p e n s e r  was c a p a b le  
o f  d e l i v e r i n g  1-5  pL a l i q u o t s .  I t  was u n s a t i s f a c t o r y  a s  o r i g i n ­
a l l y  d e l i v e r e d ,  due t o  e x c e s s i v e  d rop  hang -up  on th e  end of th e
GRAPHOIL DISKS
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•  Hg SIGNAL 
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FIGURE 9 : ABSORPTION OF MERCURY FROM AIR BY CARBON DISKS. HEAT-CLEANED 6mm "GRAPHOIL" DISKS ABSORBED 
MERCURY ON EXPOSURE TO AMBIENT A IR . MEASURABLE ABSORPTION OCCURRED AFTER ONE HOUR AND INCREASED OVER THE 
2U HOUR OBSERVATION PERIOD. ABSORBED MERCURY COULD BE REMOVED BY HEATING THE CARBON DISKS.
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g l a s s  b a r r e l*  The d i s p e n s e r  was m o d if ie d  by D r. D. K.
W o l c o t t , 125 f o rm e r ly  o f  t h i s  r e s e a r c h  g ro u p .  By d raw ing  a 
f i n e  c a p i l l a r y  t i p  on th e  end o f  th e  d i s p o s a b l e  g l a s s  b a r r e l  and 
t r a n s f e r r i n g  th e  t r a v e l - l i m i t i n g  s le e v e  from i n s i d e  t h e  d i s p e n s e r  
body t o  th e  p l u n g e r ,  th e  m ic r o d i s p e n s e r  was c o n v e r t e d  to  an a i r -  
d i s p la c e m e n t  d e v ic e .  ( F ig u r e  1 0 . )  In  th e  m o d if ie d  d e v i c e ,  an 
e x c e s s  volume o f  a i r  was r e t a i n e d  betw een th e  p lu n g e r  and th e  
sam p le .  When th e  p lu n g e r  was d e p r e s s e d ,  th e  e x c e s s  a i r  a s s u r e d  
t h a t  th e  e n t i r e  volume o f  l i q u i d  was e j e c t e d  from th e  b a r r e l .
One or two m i c r o l i t e r  a l i q u o t s  were i n j e c t e d  d i r e c t l y  onto  
t h e  h o t  ca rb o n  bed . T h is  d i r e c t  i n j e c t i o n  t e c h n iq u e  e l i m i n a t e d  
th e  few p rob lem s t h a t  were en c o u n te d  w i th  c a rb o n  d i s k  i n j e c t i o n ,  
su c h  as  a b u i ld - u p  of d i s k s  on th e  s u r f a c e  of t h e  ca rb o n  bed . The 
Drummond m ic r o d i s p e n s e r  worked w e l l  f o r  th e  i n j e c t i o n  of most 
l i q u i d  sam p les  w hich were examined i n  t h e  s t u d i e s  r e p o r t e d  h e r e .
The d e v ic e  was u n s u i t a b l e  f o r  t h e  i n j e c t i o n  o f  b lood  and serum , 
due t o  t h e i r  h ig h  v i s c o s i t y .  I n  a d d i t i o n ,  th e  p lu n g e r  was c o rro d e d  
b a d ly  by t h e  s t r o n g  HC1 s o l u t i o n s  which were i n j e c t e d  d u r in g  th e  
CH3 HgCl e x t r a c t i o n  s t u d i e s .
v .  O th e r  M ethods o f  Sample I n t r o d u c t i o n
Numerous o t h e r  m ethods f o r  i n t r o d u c t i o n  of 
l i q u i d  sam ples  i n t o  t h e  a to m iz e r  were i n v e s t i g a t e d .  These w i l l  be 
d i s c u s s e d  o n ly  b r i e f l y ,  s i n c e  th e y  were n o t  s u c c e s s f u l  f o r  d e t e r ­
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FIGURE 1 0 :  THE DRUMMOND MICRODISPENSER WAS MODIFIED BY DRAWING A 
FINE CAPILLARY T IP  ON THE GLASS BARREL AND MOVING THE TRAVEL- 
LIMITING SLEEVE TO 1HE PLUNGER. THIS ENSURED COMPLETE AND REPRO­
DUCIBLE EJECTION OF SAMPLE.
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L iq u id  sample i n t r o d u c t i o n  had been  p e r f o r m e d * ^  
i n j e c t i o n  o f  l i q u i d  i n t o  s h o r t  segm ents  o f  p o ly e th y le n e  t u b i n g .  
The t u b in g  segm ents  were d ropped  o n to  th e  h o t  c a rb o n  bed w i th  a  
p a i r  o f  tw e e z e r s .  I n  th e  c u r r e n t  s tu d y ,  1 cm segm ents  o f  p o l y ­
e th y l e n e  c a p i l l a r y  t u b in g  were a n a ly z e d .  U n f o r tu n a t e l y ,  b a c k ­
ground  s i g n a l s  o f  70% a b s o r p t i o n  were g e n e r a te d  by th e  t u b in g  
segm en ts  a t  253 .7  nm. S m a l le r  p i e c e s  of t u b in g  c o u ld  n o t  be used  
b e c a u se  th e y  would n o t  accommodate 1 yL o f  f l u i d .
A s o l i d  g l a s s  rod  was u sed  as  a v o l a t i l i z a t i o n  s t a g e  f o r  
l i q u i d  sa m p le s .  An a l i q u o t  o f  sam ple (1 -5  yL) was p la c e d  on th e  
end of th e  ro d ,  w hich th e n  was i n s e r t e d  i n t o  th e  a to m iz e r .  The 
end o f  th e  rod  was p o s i t i o n e d  abou t  2 .5  cm above th e  s u r f a c e  of 
t h e  c a rb o n  bed. I t  was th o u g h t  t h a t  th e  t e m p e ra tu re  would be 
s u f f i c i e n t l y  h ig h  to  v a p o r i z e  a l l  m e r c u r y - c o n ta i n in g  s p e c i e s  i n  
t h e  sam p le .  A b s o r p t io n  t r a c e s  g e n e r a t e d  by sam ples  on th e  g l a s s  
rod  w ere  v e ry  b r o a d ,  due t o  t h e  s low  r a t e  of h e a t i n g .  T h is  
d e c re a s e d  th e  s e n s i t i v i t y ,  b u t  aqueous  m ercu ry  s t a n d a r d s  were 
s u c c e s s f u l l y  a n a ly z e d  by t h i s  t e c h n i q u e .  Some m a t r i c e s  were no t 
c o m p le te ly  v o l a t i l i z e d  from th e  g l a s s ;  u r i n e  sam ples  l e f t  a w h ite  
s a l - l i k e  d e p o s i t  and b lood  sam ples  l e f t  a  c h a r r e d  o r g a n ic  r e s i d u e .  
T h e r e f o r e ,  t h i s  t e c h n iq u e  was n o t  u sed  f o r  q u a n t i t a t i v e  s t u d i e s  
f o r  f e a r  t h a t  compounds were n o t  c o m p le te ly  v o l a t i l i z e d .  The 
g l a s s  rod  was used  w i t h  some s u c c e s s  i n  s p e c i a t i o n  s t u d i e s  of 
m ercu ry  compounds, d i s c u s s e d  i n  P a r t  I I  o f  t h i s  d i s s e r t a t i o n .
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A m o d i f i c a t i o n  o f  th e  g l a s s  ro d  was d e v e lo p e d  i n  an  a t te m p t  
t o  im prove th e  v o l a t i l i z a t i o n  e f f i c i e n c y .  I f  a ca rb o n  segm en t,  
i d e n t i c a l  t o  th o s e  composing th e  c a rb o n  b ed , was low ered  i n t o  th e  
r f  f i e l d ,  i t  would co u p le  w i th  th e  f i e l d  and become h o t .  An i d e a l  - 
sam ple i n t r o d u c t i o n  t e c h n iq u e  would be t o  p la c e  a sample on a 
c a rb o n  seg m en t ,  low er  i t  i n t o  th e  r f  f i e l d ,  a l lo w  th e  sample to  
a to m iz e  and r e t r i e v e  th e  ca rbon  p i e c e .  A g l a s s  rod  shaped  l i k e  a 
l a d l e  was d e s ig n e d  to  h o ld  a ca rb o n  segment a t  one e n d .  U n fo r -  
t u n t e l y ,  t h e  d im e n s io n s  of th e  a to m iz e r  i n l e t  were o n ly  l a r g e  
enough to  p e rm i t  a 6  mm O.D. g l a s s  ro d  t o  be u s e d .  The 0 .2 5  cm 
d i a m e te r  c a rb o n  chunk had t o  be shaved  down to  5 mm t o  f i t  i n  the  
r o d .  The ca rb o n  segment was t h e n  to o  s m a l l  to  c o u p le  e f f e c t i v e l y  
w i th  t h e  r f  f i e l d  and so d id  n o t  h e a t  w e l l .  To use  a l a r g e r  
c a rb o n  p i e c e ,  i t  would have been n e c e s s a r y  to  r e d e s i g n  th e  b r a s s  
a to m iz e r  t o p .  T h is  s t e p  was n o t  th o u g h t  to  be w o r th w h i le ,  s in c e  
t h e  c a rb o n  d i s k  method and Drummond m ic r o d i s p e n s e r  method were 
p e r f e c t l y  a d e q u a te  f o r  th e  i n v e s t i g a t i o n s  t o  be u n d e r t a k e n ,
d .  C a l i b r a t i o n
Two a p p ro a c h e s  t o  c a l i b r a t i o n  were used  f o r  most of 
t h e  s t u d i e s  r e p o r t e d  i n  t h i s  d i s s e r t a t i o n .  The f i r s t  was i n j e c ­
t i o n  o f  a i r  s a t u r a t e d  w i th  m ercury  v a p o r ;  th e  second  was i n j e c t i o n  
o f  aqueous  m ercury  s t a n d a r d s  p re p a r e d  from m e rc u r ic  c h l o r i d e .  A 
t h i r d  c a l i b r a t i o n  p ro c e d u re  was u sed  i n  th e  m eth y lm ercu ry  e x t r a c ­
t i o n  s t u d y ;  t h i s  in v o lv e d  i n j e c t i o n  o f  s o l u t i o n s  o f  m ethy lm ercu ry  
c h l o r i d e  i n  ben zen e .
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i .  M ercury  Vapor S ta n d a rd
I f  m ercu ry  m e ta l  a t  a known te m p e ra tu re  and 
p r e s s u r e  was I n t r o d u c e d  I n t o  a c lo s e d  c o n t a i n e r ,  t h e  a i r  above th e  
m e ta l  became s a t u r a t e d  w i th  m ercury  v a p o r .  S in ce  m ercury  v a p o r  
was m onatom ic , th e  I d e a l  gas  law was used t o  c a l c u l a t e  th e  w e igh t  
o f  m ercu ry  c o n ta in e d  i n  a g iv e n  volume of a i r  a t  a g iv e n  tem p e ra ­
t u r e .  The i d e a l  gas law was e x p re s s e d  as
w P ( a t . w t . ) (7 )
V “  RT
where w ■ w e ig h t  of e le m en t
V = volume 
P ■ p r e s s u r e  
a t . w t .  * a to m ic  w e ig h t  of e lem en t  
R 13 g a s  c o n s ta n t  
T = te m p e ra tu re
The v a p o r  p r e s s u r e  o f  m ercu ry  a t  v a r i o u s  t e m p e r a tu r e s  was a c c u ­
r a t e l y  k n o w n . -^27 po r  exam p le ,  a t  20°C, t h e  v a p o r  p r e s s u r e  of 
m ercu ry  was 159 .99  x 1 0 ” ^ p a .  S u b s t i t u t i o n  i n t o  th e  above 
e q u a t i o n  y i e l d s
w = (159 .99  x  10~ 3 P a ) (2 0 0 .6  x  109 n g /m o le )  = 13>1?
V (8 .3 1 4  x  106 cm3 -Pa) (2 9 3K) 3
K • mole
49
Thus , 1 cm^ o f  a i r  s a t u r a t e d  w i th  m ercu ry  v a p o r  a t  20°C 
c o n t a i n e d  13 .1 7  ng Hg. S i m i l a r  c a l c u l a t i o n s  a t  v a r i o u s  te m p e ra ­
t u r e s  y i e l d e d  th e  v a l u e s  shown i n  F ig u r e  11.
D i s t i l l e d  e l e m e n t a l  m ercury  was p la c e d  i n  25 mL g l a s s  b o t t l e s .  
The b o t t l e s  were capped  w i th  ru b b e r  s e p t a  and s e a l e d  w i th  aluminum 
s e a l s .  A h o l e  i n  th e  c e n t e r  of th e  aluminum cap a l lo w e d  i n s e r t i o n  
o f  a n e e d le  t h ro u g h  th e  septum  i n t o  th e  h e a d sp a c e  ove r  th e  m ercury  
p o o l .  G a s - t i g h t  s y r i n g e s  were u sed  to  w ith d raw  a l i q u o t s  of a i r  
s a t u r a t e d  w i t h  m ercu ry  v a p o r .  T hree  b o t t l e s  were m a in ta in e d  so 
t h a t  v a p o r  c o u ld  be w ithd raw n  a t  f r e q u e n t  i n t e r v a l s  w i th  c o n f i ­
dence  t h a t  e q u i l i b r i u m  c o n d i t i o n s  were e s t a b l i s h e d .  A l iq u o t s  of 
a i r  s a t u r a t e d  w i th  m ercury  v a p o r  were i n j e c t e d  th ro u g h  th e  b r a s s  
i n l e t  cap d i r e c t l y  i n t o  th e  a to m iz e r .
T y p i c a l  c a l i b r a t i o n  c u rv e s  o b t a i n e d  w i t h  m ercu ry  v a p o r  i n j e c ­
t i o n s  a r e  shown i n  F i g u r e s  12 and 13 . C a l i b r a t i o n  c u rv e s  were 
l i n e a r  up t o  3 ng Hg (ab o u t  0 .3  mL o f  a i r  s a t u r a t e d  w i th  m ercury  
v a p o r )  a t  184 .9  nm and up t o  20 ng Hg (ab o u t  2 mL o f  a i r  s a t u r a t e d  
w i t h  m ercu ry  v a p o r )  a t  253 .7  nm. The p r e c i s i o n  of t h e  m ercury  
v a p o r  i n j e c t i o n  t e c h n iq u e  was d e te r m in e d  by m aking 2 0  i n j e c t i o n s  
o f  a 0 .5  mL a l i q u o t  ( a b o u t  1 ng H g) . In  a l l  c a s e s ,  s t r a i g h t  l i n e s  
were f i t t e d  t o  th e  c a l i b r a t i o n  d a t a  by th e  method of l e a s t  s q u a r e s ,
i i .  Aqueous M e rc u r ic  C h l o r id e  S ta n d a r d
Aqueous 1000 ppm H g ( I l )  s t a n d a r d  was d i l u t e d  
d a i l y  t o  p r e p a r e  w ork ing  s ta n d a r d s *  S t a n d a r d s  i n  th e  r an g e  of 
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AIR SATURATED WITH Hg VAPOR
FIGURE 1 1 :  USE OF THE IDEAL GAS LAW AND VAPOR PRESSURE DATA ALLOWED CALCULATION OF THE AMOUNT OF Hg IN 
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Hg VAPOR CALIBRATION C U R V E - I 8 4 . 9  nm
FIGURE 1 2 : CALIBRATION CURVE AT l f f c .9  nm PREPARED BY INJECTION OF AIR SATURATED WITH Hg VAPOR. THE 
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FIGURE 1 3 :  TYPICAL CALIBRATION CURVE AT 2 5 3 .7  nm PREPARED BY INJECTION OF AIR SATURATED WITH Hg VAPOR.
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r a n g e  o f  0 .1 - 2 0  ppm from  a n a l y s i s  a t  253 .7  nm. D i s t i l l e d  
d e io n i z e d  w a te r  was u sed  t o  p r e p a r e  a l l  s t a n d a r d s .  C a l i b r a t i o n  
c u rv e s  were p r e p a r e d  by two m ethods ,  i n t r o d u c t i o n  o f  1  yL a l i q u o t s  
on a c a rb o n  d i s k  and d i r e c t  i n j e c t i o n  o f  1 or 2 yL a l i q u o t s  w i th  
t h e  Drummond m ic r o d i s p e n s e r .  T y p ic a l  c a l i b r a t i o n  c u rv e s  a r e  shown 
i n  F i g u r e s  14 -16 .
P r e c i s i o n  was d e te rm in e d  by a n a l y s i s  of 20 a l i q u o t s  e a c h  of 
t a p  w a te r  and 2 ppm Hg s t a n d a r d .
i i i . M e th y lm e rc u r ic  C h lo r id e  S ta n d a rd  i n  Benzene 
The 1000 ppm Hg (a s  CH3 HgCl) i n  benzene 
s t a n d a r d  was d i l u t e d  d a i l y  to  p r e p a r e  w ork ing  s t a n d a r d s  f o r  th e  
CH3 HgCl e x t r a c t i o n  s t u d i e s .  S ta n d a r d s  i n  th e  ran g e  o f  0 . 1 - 2 . 0  
ppm w ere  p r e p a r e d  f o r  a n a l y s i s  a t  25 3 .7  nm. C a l i b r a t i o n  c u rv e s  
were p r e p a r e d  by two m e thods ,  i n t r o d u c t i o n  of 1 yL a l i q u o t s  on a 
c a rb o n  d i s k  and d i r e c t  i n j e c t i o n  o f  1 or 2 yL a l i q u o t s  w i th  the  
Drummond m ic r o d i s p e n s e r .  Pure  benzene  was a n a ly z e d  a s  a b la n k .
No a b s o r p t i o n  s i g n a l  was s e e n  f o r  benzene  a t  253 .7  nm, which 
i n d i c a t e d  th e  s u p e rb  a to m iz a t io n  e f f i c i e n c y  o f  th e  ca rb o n  bed , 
s i n c e  t h e  benzene m o lecu le  has  an  a b s o r p t i o n  maximum a t  253 nm. 
P r e c i s i o n  was d e te rm in e d  by a n a l y s i s  of 20 a l i q u o t s  of a 2 ppm Hg 
s t a n d a r d .
C a l i b r a t i o n  was checked  i n  two w ays: by a n a l y s i s  of a  com­
m e r c i a l l y - p r e p a r e d  m ercury  s t a n d a r d  p ro v id e d  by Kemron E n v i ro n ­
m e n ta l  S e r v i c e s  and by a n a l y s i s  o f  check  sam ples  p r e p a r e d  by an 






















FIGURE lU : CALIBRATION CURVES AT 1 8U .9  nm PREPARED BY INJECTION OF AQUEOUS HERCURY STANDARDS. CURVES 
OBTAINED BY THE CARBON DISK METHOD AND BY DIRECT INJECTION WITH THE DRUMMOND MICRODISPENSER ARE SHOWN. 
THE SLOPES OBTAINED BY THE TWO INJECTION TECHNIQUES ARE NOT EQUAL; THEREFORE STANDARDS AND SAMPLES MUST 
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FIGURE 1 6 :  TYPICAL CALIBRATION CURVE OBTAINED AT 2 5 3 -7  BY DIRECT INJECTION OF AQUEOUS STANDARDS.
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e .  A n a ly s i s  o f  M ercury i n  W ater by t h e  Cold  Vapor-AAS
Method
A s tu d y  was made of t h e  CV-AAS t e c h n i q u e  f o r  m ercury  
d e t e r m i n a t i o n  u s in g  th e  q u a r t z  "T” a to m iz e r  a s  th e  a b s o r p t i o n  
c e l l .  The i n n e r  s l e e v e  and c a rb o n  bed w ere removed from  th e  
a t o m i z e r .  The r f  g e n e r a t o r  was n o t  t u rn e d  on and th e  l i g h t  p a th  
was n o t  h e a t e d .  The to p  o f  th e  a to m iz e r  was f i t t e d  w i th  a o n e -  
h o le d  ru b b e r  s to p p e r  and was c o n n e c te d  to  th e  r e a c t i o n  v e s s e l  v i a  
a  s h o r t  p i e c e  o f  g l a s s  t u b in g  th ro u g h  th e  s to p p e r  and a l e n g t h  of 
1 /4 "  Tygon t u b i n g .
The r e a c t i o n  v e s s e l  was a 250 mL E rlenm ayer  f l a s k  s e a l e d  w i th  
a t h r e e - h o l e d  ru b b e r  s t o p p e r .  A f r i t t e d  g l a s s  s p a r g e r  th ro u g h  one 
o f  t h e  h o l e s  was c o n n e c te d  to  t h e  in -h o u s e  com pressed  a i r .  The 
c om pressed  a i r  was ru n  th ro u g h  s c r u b b e r s  o f  s i l i c a  g e l  and 
a c t i v a t e d  c h a r c o a l  b e f o r e  e n t e r i n g  th e  r e a c t i o n  f l a s k .  The second 
h o ld  h e ld  a  s h o r t  p i e c e  o f  g l a s s  t u b in g  to  w hich was a t t a c h e d  th e  
Tygon t u b i n g  l e a d i n g  t o  t h e  a to m iz e r  c e l l .  The t h i r d  " h o le ” was a 
s t a i n l e s s  s t e e l  s c re w -o n  s y r in g e  n e e d le  (B-D #5) w hich  had been 
t h r u s t  t h ro u g h  th e  s t o p p e r .  T h is  s e rv e d  as  t h e  i n l e t  f o r  th e  
SnCl 2  s o l u t i o n .  The s o l u t i o n  was t a k e n  up i n  a 5 mL g l a s s  
s y r i n g e  (B-D " M u l t i f i t " )  and  th e  s y r i n g e  was sc rew ed  i n t o  th e  hub 
o f  t h e  n e e d le .  The p lu n g e r  was d e p re s s e d  t o  i n j e c t  th e  s o l u t i o n  
and rem a in ed  d e p r e s s e d  u n t i l  t h e  m ercury  a b s o r p t i o n  s i g n a l  had 
been  r e c o r d e d .  Then th e  s y r in g e  was removed and r e f i l l e d  f o r  th e  
n e x t  I n j e c t i o n .  The s p a r g e r ,  n e e d le  and g l a s s  t u b in g  were s e a l e d
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i n t o  th e  ru b b e r  s to p p e r  w i th  s i l i c o n e  ru b b e r  s e a l a n t  t o  a v o id  
l e a k s .  A d iag ra m  of th e  r e a c t i o n  f l a s k  i s  shown i n  F ig u re  17.
A n a ly s i s  was p e rfo rm ed  e x a c t l y  a s  d e s c r i b e d  i n  S ta n d a rd  
Methods f o r  t h e  E x a m in a tio n  o f  W ater and W a s te w a te r . 97 The 
com pressed  a i r  f low  r a t e  was s e t  a  2 L /m ln . A l iq u o t s  (100  mL) o f  
m ercu ry  s t a n d a r d s ,  t a p  w a te r  and d e io n iz e d  d i s t i l l e d  w a te r  were 
t r a n s f e r r e d  i n  d u p l i c a t e  t o  250 mL E rlenm ayer  f l a s k s .  Each f l a s k  
r e c e iv e d  5 mL cone H2 SO4 , 2 .5  mL cone HNO3  and 15 mL 
p o ta s s iu m  perm angana te  s o l u t i o n  and th e n  was a l lo w e d  t o  s ta n d  
f o r  15 m in u t e s .  P o ta s s iu m  p e r s u l f a t e  s o l u t i o n  ( 8  mL) was added 
and f l a s k s  were h e a te d  i n  a w a te r  b a th  a t  95°C f o r  2 h o u r s .
F l a s k s  were t h e n  c o o le d  t o  room te m p e r a tu r e  and 6  mL sodium  
c h lo r id e - h y d r o x y la m in e  s o l u t i o n  was added t o  r e d u c e  e x c e s s  
p e rm a n g a n a te .  Each f l a s k  was t h e n  t r e a t e d  i n d i v i d u a l l y .  The 
s t o p p e r  c o n ta i n in g  th e  a e r a t i o n  a p p a r a tu s  was i n s e r t e d  i n t o  a 
f l a s k  and 5 mL s ta n n o u s  c h l o r i d e  was i n j e c t e d  th ro u g h  th e  s y r in g e  
n e e d l e .  The f l a s k  was shaken  s l i g h t l y .  As th e  m ercury  was 
v o l a t i l i z e d  from s o l u t i o n  th e  a b s o r p t i o n  s i g n a l ,  m o n i to re d  on th e  
s t r i p  c h a r t  r e c o r d e r ,  i n c r e a s e d ,  r e a c h e d  a maximum and r e t u r n e d  to  
b a s e l i n e .  The sam ple f l a s k  was removed and r e p l a c e d  w i th  a f l a s k  
c o n t a i n i n g  d e io n iz e d  d i s t i l l e d  w a t e r .  The sy s tem  was f l u s h e d  f o r  
a few se co n d s  and th e n  th e  n e x t  sample f l a s k  was a t t a c h e d .  A 
c a l i b r a t i o n  cu rve  was p r e p a r e d  by p l o t t i n g  peak  h e i g h t  v e r s u s  
m ic rog ram s o f  m erc u ry .
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REACTION VESSEL FOR COLD VAPOR 
DETERMINATION OF MERCURY
FIGURE 1 7 :  REACTION FLASK FOR THE DETERMINATION OF MERCURY BY CV-AAS. 
REDUCING AGENT IS  ADDED TO THE FLASK VIA THE SYRINGE. Hg VAFOR IS  
LIBERATED FROM SOLUTION BY SPARGING WITH A IR . Hg-LADEN A IR IS  
PASSED INTO THE QUARTZ " T "  ATOMIZER FOR MEASUREMENT.
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f . P ro c e d u re  f o r  t h e  E x t r a c t i o n  o f  M e th y lm e rc u r lc
C h lo r id e  from  W ater
The e x t r a c t i o n  o f  m e th y lm e rc u ry  c h l o r i d e  from w a te r  
I n t o  benzene  and t h e  b a c k - e x t r a c t  io n  o f  C ^ H g C l  from benzene 
I n t o  aqueous c y s t e i n e  s o l u t i o n  were s t u d i e d .  E x t r a c t i o n s  were 
c a r r i e d  o u t  i n  60 mL s e p a r a t o r y  f u n n e l s .  The f o l l o w i n g  s o l u t i o n s  
were s t u d i e d .  Ten m i l l i l i t e r s  o f  aqueous  Cl^HgCl (1  ppm Hg) 
were a c i d i f i e d  w i t h  15 ml cone HC1 and e x t r a c t e d  w i th  25 ml 
b e n z en e .  Ten m i l l i l i t e r s  o f  aqueous CH3 HgCl (1 ppm Hg) p lu s  
15 ml c y s t e i n e  s o l u t i o n  ( d e s c r i b e d  i n  C h e m ic a ls  and R e a g e n ts  
s e c t i o n )  w ere e x t r a c t e d  w i th  25 ml b e n z e n e .  T w e n ty - f iv e  m i l l i ­
l i t e r s  o f  CHgHgCl (2  ppm Hg) i n  benzene  were e x t r a c t e d  w i th  10 
ml d e io n iz e d  d i s t i l l e d  w a te r  p lu s  15 ml c y s t e i n e  s o l u t i o n .  Blank 
e x t r a c t i o n s  w i th  benzene of 1 0  ml d e io n iz e d  d i s t i l l e d  w a te r  p lu s  
15 ml of e i t h e r  cone HC1 or c y s t e i n e  s o l u t i o n  were c a r r i e d  o u t .  A 
30 m in. e x t r a c t i o n  p e r io d  was u sed  and s o l u t i o n s  were shaken  f r e ­
q u e n t l y  d u r in g  t h i s  p e r i o d .  At t h e  end o f  th e  e x t r a c t i o n  p e r i o d ,  
t h e  p h a s e s  were drawn o f f  i n t o  s e p a r a t e  g l a s s  b o t t l e s .  C e n t r i f u g ­
a t i o n  was used  t o  e n s u re  co m p le te  s e p a r a t i o n  of p h a s e s  when 
n e c e s s a r y .  E x t r a c t i o n s  were pe rfo rm ed  j u s t  p r i o r  t o  a n a l y s i s .
The m ercu ry  c o n te n t  o f  e ach  phase  was d e te rm in e d  by e i t h e r  ca rbon  
d i s k  o r  d i r e c t  i n j e c t i o n  i n t o  t h e  q u a r t z  "T" a t o m i z e r .  A l l  
a n a l y s e s  were c a r r i e d  out a t  253 .7  nm.
g .  M is c e l l a n e o u s  T e s t s  f o r  M ercury i n  W ater
A number o f  o t h e r  a n a l y t i c a l  m ethods were used  i n  an
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a t t e m p t  t o  c o n f i rm  th e  m ercury  c o n c e n t r a t i o n s  found I n  w a te r  by 
t h e  q u a r t z  "T" M S m ethod.
C l a s s i c a l  d l t h l z o n e  c o lo r i m e t r y  was a t t e m p t e d ^ !  bu t th e  
d e t e c t i o n  l i m i t ,  0 .5  ppm Hg^+ f was n o t  low enough to  p e rm i t  
d i r e c t  d e t e c t i o n  of m ercury  i n  w a te r .  The F e i g l ^ S  c u j  s p o t  
t e s t  f o r  Hg and HgX2  (X ■ h a l i d e )  was ru n  on m ercury  s t a n d a r d s  
and t a p  w a t e r .  Aqueous s o l u t i o n s  o f  H g°, HgCl2  and CHgHgCl 
gave p o s i t i v e  t e s t s  (deve lopm en t of a salm on c o l o r ) ,  bu t  o n ly  a t  
t h e  10 ppm Hg l e v e l .  T h e r e f o r e ,  t h e  s e n s i t i v i t y  was no t a d e q u a te  
f o r  w a te r  a n a l y s i s .
V a r io u s  m ethods were used  i n  an a t t e m p t  to  remove m ercury  
from  t a p  w a te r .  W ater was b o i l e d  i n  th e  hope o f  v o l a t i l i z i n g  th e  
m ercu ry  p r e s e n t .  W ater sam ples  were e l e c t r o l y z e d  f o r  1 week a t  a 
p o t e n t i a l  of 1 V betw een s p e c t r o s c o p i c  g ra d e  c a rb o n  e l e c t r o d e s .  
O the r  sam ples  were p a sse d  th ro u g h  columns o f  A m b e r l i te  1R-120 
c a t i o n  exchange  r e s i n ,  a c t i v a t e d  c h a r c o a l  and d i t h i z o n e - t r e a t e d  
m o le c u la r  s i e v e  (G race  C h e m ic a ls ,  Type 13X) i n  an a t t e m p t  t o  
a d s o r b  m ercury  from s o l u t i o n .  W ater was t r e a t e d  w i th  t h i o a c e t -  
am ide , HC1 and h e a t  t o  e v o lv e  H2 S and  p r e c i p i t a t e  HgS. H e a t -  
c le a n e d  a c t i v a t e d  ca rb o n  p i e c e s  (1  cm l e n g t h ,  0 .6 3  cm O .D .)  were 
p l a c e d  i n  E r lenm ayer  f l a s k s  w hich c o n ta in e d  10 mL o f  w a te r  or 
Hg^+ s t a n d a r d .  The f l a s k s  were a l lo w e d  to  s ta n d  f o r  48 h o u rs  
t o  a d s o rb  m ercury  from th e  w a te r  o n to  th e  c a rb o n .  A f l a s k  
c o n t a i n i n g  t a p  w a te r  w i th o u t  a c t i v a t e d  c a rb o n  was a l s o  a l lo w e d  to  
s t a n d  f o r  48 h o u r s .  The c a rb o n  p i e c e s  were a n a ly z e d  by d ro p p in g
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them i n t o  th e  a to m iz e r .  The w a te r  was a n a ly z e d  by d i r e c t  
i n j e c t i o n .
The r e s u l t s  o f  t h e s e  t e s t s  w i l l  be p r e s e n t e d  and d i s c u s s e d  i n  
t h e  f o l l o w i n g  s e c t i o n s .
C. RESULTS
1 . Methods o f  C a l i b r a t i o n
The in -h o u s e  and c o m m e rc ia l ly  p re p a re d  aqueous m e rc u r ic  
c h l o r i d e  s t a n d a r d s  gave i d e n t i c a l  c a l i b r a t i o n  c u rv e s  a t  184 .9  nm 
and 253 .7  nm. Aqueous s t a n d a r d s ,  i n t r o d u c e d  as  1 pL a l i q u o t s  on 
c a rb o n  d i s k s ,  were i n  e x c e l l e n t  ag reem en t w i th  c a l i b r a t i o n  c u rv e s  
p r e p a r e d  by i n j e c t i o n ,  v i a  a gas  s y r i n g e ,  o f  a i r  s a t u r a t e d  w i th  
m ercu ry  v a p o r ,  a f t e r  th e  aqueous s t a n d a r d s  were c o r r e c t e d  fo r  
a b s o r p t i o n  s i g n a l s  from  th e  d e io n i z e d  d i s t i l l e d  w a t e r .  T h is  
I n d i c a t e d  t h a t  a to m iz a t io n  was v e ry  e f f i c i e n t  f o r  HgCl2  and 
t h a t  no m a t r ix  e f f e c t  from w a te r  e x i s t e d .
A m e r c u r i c  c h l o r i d e  "unknown," p r e p a r e d  by i n d e p e n d e n t ly  by 
c o -w o rk e r  T. Ekman, was s u c c e s s f u l l y  a n a ly z e d  by th e  ca rb o n  d i s k  
method u s in g  b o th  aqueous and vapo r  c a l i b r a t i o n  c u r v e s .  The 0 .5  
ppm Hg "unknown" was found t o  c o n ta i n  0 .4 9  ppm Hg by t h i s  m ethod.
C a l i b r a t i o n  c u rv e s  were l i n e a r  up t o  30 ng Hg a t  253 .7  nm and 
up t o  4 ng Hg a t  1 8 4 .9  nm. C o r r e l a t i o n  c o e f f i c i e n t s  were 
i n v a r i a b l y  g r e a t e r  th a n  0 .9 5 0 .  At 184 .9  nm, c a l i b r a t i o n  c u rv es  
d e v i a t e d  c o n s i d e r a b l y  from  l i n e a r i t y  above 4 ng Hg.
2 . P r e c i s i o n  o f  t h e  Method
The p r e c i s i o n  of t h e  m ercu ry  v a p o r  i n j e c t i o n s  w i th  th e  
H a m il to n  gas  s y r i n g e  was d e te rm in e d  by making 20 i n j e c t i o n s  of
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0*05 mL a l i q u o t s .  T h is  volume of a i r  s a t u r a t e d  w i th  m ercury  v a p o r  
c o n ta i n e d  0 .7 1  ng Hg a t  t h e  am b ien t  t e m p e r a tu r e  on th e  day of 
a n a l y s i s .  The mean a b s o rb a n c e  ( r e s o n a n c e  minus b a c k g ro u n d ) ,  a t  
1 8 4 .9  nm, o f  t h e  20 a l i q u o t s  was 0 .3678  + 0 .0 2 5 4  (mean + o ) .  The 
r e l a t i v e  s t a n d a r d  d e v i a t i o n  of th e  v a p o r  i n j e c t i o n s  was 6.9%.
The p r e c i s i o n  o f  th e  c a rb o n  d i s k  t e c h n iq u e  was m easured  by 
making 20 i n j e c t i o n s  of 1 p L  a l i q u o t s  of t a p  w a te r  d e l i v e r e d  w i th  
th e  H a m il to n  m i c r o l i t e r  s y r in g e  o n to  G ra p h o i l  d i s k s .  The mean 
a b s o rb a n c e  o f  1 p L  a l i q u o t s  o f  t a p  w a te r  a t  1 8 4 .9  nm was 0 .2088  + 
0 .0 3 7 2  (mean + a ) .  The r e l a t i v e  s t a n d a r d  d e v i a t i o n  o f  th e  ca rbon  
d i s k  t e c h n i q u e  was 17.8%.
The p r e c i s i o n  of th e  d i r e c t  i n j e c t i o n  t e c h n iq u e  u s in g  th e  
Drummond m ic r o d i s p e n s e r  was d e te rm in e d  by m aking 20 i n j e c t i o n s  
e a c h  o f  1 and 2 p L  a l i q u o t s  of a  2 ppm Hg s t a n d a r d .  The mean 
a b s o rb a n c e  of 1 p L  i n j e c t i o n s  was 0 .1733  +  0 .0 2 6 0  (mean + a ) .  The 
r e l a t i v e  s t a n d a r d  d e v i a t i o n  was 15%. The mean a b s o rb a n c e  of 2 P L  
a l i q u o t s  was 0 .3524  + 0 .0 3 1 8  (mean + a ) .  The r e l a t i v e  s t a n d a r d  
d e v i a t i o n  was 9.0%. T h is  d e m o n s t ra te d  c l e a r l y  t h a t  d i r e c t  i n j e c ­
t i o n  o f  1 p L  a l i q u o t s  was more im p r e c i s e  th a n  i n j e c t i o n  of 2 p L  
sam ple v o lum es .
3. C o n c e n t r a t i o n  Range o f  M ercury  i n  W ater
a .  L a b o r a to ry  W ater Supply
D e io n iz e d  d i s t i l l e d  w a te r  and t a p  w a te r  sam ples  from 
t h i s  l a b o r a t o r y  were a n a ly z e d  on 63 o c c a s io n s  d u r in g  a p e r io d  of 
e i g h t e e n  m on ths .  T y p ic a l  a b s o r p t i o n  t r a c e s  a r e  shown i n  F ig u re s
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18 and 19.
D e io n iz e d  d i s t i l l e d  w a te r  was found t o  c o n t a i n  0 .4 6  +  0 .3 8  
ppm Hg (mean + a ) .  T w en ty -n ine  p e r c e n t  of t h e  sam ples  had m ercury  
c o n c e n t r a t i o n s  below th e  d e t e c t i o n  l i m i t  o f  t h e  m ethod , 0 .0 5  ppm 
Hg. The ran g e  of c o n c e n t r a t i o n s  was from < 0.05  to  1 .6  ppm Hg.
Tap w a te r  from s e v e r a l  f a u c e t s  w i t h i n  t h i s  l a b o r a t o r y  was 
found to  c o n t a i n  0 .4 0  + 0 .3 3  ppm Hg (mean +  o ) .  S e v e n te e n  p e rc e n t  
o f  th e  sam ples  c o n ta in e d  no d e t e c t a b l e  amount o f  m erc u ry .  The 
d i s t r i b u t i o n  o f  m ercu ry  c o n c e n t r a t i o n s  i n  t a p  w a te r  from t h i s  
l a b o r a t o r y  i s  shown in  F ig u re  20. A c o n c e n t r a t i o n  ran g e  of 
< 0 .05  -  1 .2 0  ppm Hg was fo u n d .  C o n c e n t r a t i o n s ,  a n a l y t i c a l  wave­
l e n g t h  and method of sam ple i n t r o d u c t i o n  a r e  p r e s e n t e d  i n  T a b le  3. 
b .  O ther  W ater S u p p l ie s
F o u r te e n  p r i v a t e  r e s i d e n c e s  i n  B aton  Rouge were 
sam p led .  The ran g e  of m ercury  c o n c e n t r a t i o n s  i n  t h e s e  sam ples  was 
from < 0.05  t o  1 .2 5  ppm Hg, w i th  an  a v e ra g e  c o n c e n t r a t i o n  of 0 .6 5  + 
0 .4 4  ppm Hg (mean + o ) .  The d i s t r i b u t i o n  o f  c o n c e n t r a t i o n s  i s  
shown i n  F ig u r e  20.
Tap w a te r  sam ples from A r k a n s a s ,  l a k e  w a te r  from Lake 
M aurepas ,  L o u i s i a n a ,  w a te r  from th e  G u lf  of Mexico a t  F t .  W alton 
Beach, F l o r i d a  and two v a r i e t i e s  o f  com m erc ia l  b o t t l e d  s p r i n g  
w a te r  were found to  c o n ta i n  no d e t e c t a b l e  amount o f  m e rc u ry .  One 
sam ple  o f  b o t t l e d  d r in k i n g  w a te r  c o n ta in e d  0 .1 2  ppm Hg. U n t r e a te d  
and f i n i s h e d  w e l l  w a te r s  from t h e  B aton  Rouge W ater Works were 
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ABSORPTION SIGNALS FOR WATER 
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FIGURE 1 8 :  ABSORPTION SIGNALS FROM WATER AT 1 8 L .9  nm. TYPICAL 
ABSORPTION SIGNALS FROM 1  / jL  ALIQUOTS OF WATER INTRODUCED ON CARBON 
DISKS ARE SHOWN. RESONANCE (H g) AND MOLECULAR BACKGROUND ABSORPTION 
(DP ) FOR TWO DIFFERENT SAMPLES ARE SHOWN, AS WELL AS SIGNALS FOR 








4 0  -







ABSORPTION SIGNALS FOR 
2 5 3 . 7  nm 
































FIGURE 1 9 :  ABSORPTION TRACES OF WATER AT 2 5 5 .7  ran. TYPICAL ABSORPTION SIGNALS FOR 2 /sL  ALIQUOTS 
INJECTED DIRECTLY WITH THE DRUMMOND MICROPIPETTE ARE SHOWN. RESONANCE (H g) AND BACKGROUND (Ds ) 




C o n c e n t r a t i o n  o f  M ercury i n  L a b o r a to ry
(nm)
D ate Wavelen,
0 1 /1 9 /8 1 1 8 4 .9
0 1 /2 0 /8 1 184 .9
0 3 /3 1 /8 1 253 .7
0 4 /0 5 /8 1 253 .7
0 4 /2 8 /8 1 1 8 4 .9
0 4 /3 0 /8 1 18 4 .9
0 5 /1 3 /8 1 184 .9
0 5 /2 6 /8 1 18 4 .9
0 5 /2 9 /8 1 18 4 .9
0 7 /0 1 /8 1 253 .7
0 7 /0 7 /8 1 253.7
0 7 /0 8 /8 1 253 .7
0 7 /0 9 /8 1 1 8 4 .9
0 7 /1 3 /8 1 253 .7
0 7 /1 4 /8 1 184 .9
0 7 /1 5 /8 1 184 .9
0 7 /2 0 /8 1 1 8 4 .9
0 7 /2 7 /8 1 184 .9
0 8 /1 2 /8 1 253 .7
0 8 /1 5 /8 1 253 .7
0 8 /2 0 /8 1 253 .7
0 8 /3 0 /8 1 253 .7
0 9 /3 0 /8 1 253 .7
1 0 /1 4 /8 1 253 .7
1 1 /0 2 /8 1 253 .7
1 1 /0 4 /8 1 253 .7
1 1 /1 1 /8 1 253.7
1 1 /1 6 /8 1 253.7
1 1 /1 8 /8 1 253.7
1 1 /2 0 /8 1 1 8 4 .9
1 1 /2 5 /8 1 253.7
1 1 /2 8 /8 1 253 .7
1 1 /3 0 /8 1 253 .7
1 2 /1 4 /8 1 253 .7
1 2 /1 5 /8 1 253 .7
1 2 /1 6 /8 1 253 .7
0 1 /2 0 /8 2 253 .7
0 1 /2 1 /8 2 184 .9
0 1 /2 2 /8 2 253 .7
0 1 /2 7 /8 2 253 .7
0 1 /2 9 /8 2 253 .7
0 2 /0 1 /8 2 253 .7
Method of
I n t r o d u c t i o n  ppm Hg
CD 0 .2 3
CD 0 .4 0
CD < 0.05
CD 0 .2 1
CD 0 .3 0
CD 0 .1 7
CD 0 .4 0
CD 0 .9 8
CD 0 .7 2
CD 0 .1 0
CD 0 .2 5
CD 0 .2 0
CD 0 .6 0
CD 0 .5 0
CD 0 .0 9
CD 0 .1 5
CD 1 .1 0
CD 0 .6 6
CD 1 0 .2 0
CD 0 .4 0
CD 0 .4 0
CD 0 .8 0
CD 0 .4 5
CD 0 .4 0
CD 0 .5 5
CD 0 .8 0
CD 0 .7 0
CD 1 .2 0
CD 0 .9 0
CD 0 .4 0
CD < 0.05
CD < 0.05
CD 0 .7 0
CD 0 .7 5
CD 0 .6 0
CD 0 .6 6
CD 1 .2 5
CD 1 .0 5
CD 0 .8 8
CD 0 .6 5
CD 0 .4 0
CD 0 .4 0
Tap Water
Average Hg 
C o n c e n t r a t i o n  
(ppm) f o r  Month
JAN81 “  0 .3 1  
FEB -  NDb 
MAR -  <0.08 
APR *» 0 .2 3
MAY = 0 .7 0
JUNE -  NDb 
JULY -  0 .4 1
AUG = 0 .4 5
SEPT -  0 .4 5  
OCT -  0 .4 0  
NOV -  0 .5 8
DEC -  0 .67
JAN82 -  0 .6 0
FEB - 0.27
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T ab le 3 ( c o n t in u e d )
Average Hg
(nm) Method of C o n c e n t r a t i o n
Date W avelength I n t r o d u c t i o n  ppm Hg (ppm) f o r  Month
0 2 /0 2 /8 2 253.7 CD 0 .3 5
0 2 /0 3 /8 2 253.7 CD 0 .3 0
0 2 /0 5 /8 2 253 .7 CD 0 .7 0
0 2 /1 4 /8 2 253 .7 DM 0 .0 7
0 2 /1 5 /8 2 253 .7 DM 0 . 1 0
0 2 /1 7 /8 2 253 .7 DM 0 .5 1
0 2 /1 9 /8 2 253 .7 DM <0.05
0 2 /2 0 /8 2 253 .7 DM <0.05
0 3 /0 1 /8 2 253.7 DM <0.05 MAR = 0 .1 0
0 3 /0 3 /8 2 253.7 CD <0.05
0 3 /0 5 /8 2 253 .7 DM < 0.05
0 3 /1 0 /8 2 253 .7 DM <0.05
0 3 /1 1 /8 2 253.7 DM 0.5 7
0 3 /1 7 /8 2 253.7 DM 0 . 2 0
0 3 /1 8 /8 2 253 .7 CD 0 . 2 1
0 3 /2 2 /8 2 253.7 DM <0.05
0 3 /2 4 /8 2 253.7 DM <0.05
0 4 /0 2 /8 2 253.7 DM 0 .1 3 ' APR = 0 .1 3
0 4 /1 3 /8 2 253.7 DM 0 .1 5 MAY = NDb
0 4 /1 5 /8 2 253.7 DM 0 . 1 1
0 6 /0 2 /8 2 253.7 DM 0.2 4 JUNE -  0 .2 4
( a )  CD - c a rb o n  d i s k ; DM “  d i r e c t i n j e c t i o n  w i th  Drummond
m ic r o d i s p e n s e r .
(b )  ND “  n o t  d e te rm in e d
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FIGURE 2 0 :  DISTRIBUTION OF MERCURY CONCENTRATIONS IN TAP WATER. SOLID BLACK BARS REPRESENT TAP WATER 
SAMPLES FROM THIS LABORATORY. STRIPED BARS REPRESENT OTHER TAP WATER SOURCES WITHIN THE CITY OF BATON 
ROUGE. CONCENTRATIONS WERE ROUNDED TO THE NEAREST 0 . 1  ppm H g.
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d i s t i l l e d  w a te r  sam ples  from  two o th e r  r e s e a r c h  l a b o r a t o r i e s  in  
t h e  C h e m is t ry  D epartm ent were a n a ly z e d ;  m ercury  l e v e l s  were below 
t h e  d e t e c t i o n  l i m i t  o f  t h i s  m ethod.
4 .  P o s s i b l e  I n t e r f e r e n c e  i n  t h e  D i r e c t  D e te r m in a t io n  o f  
M ercury i n  W ater
An a v e ra g e  c o n c e n t r a t i o n  o f  0 .4 0  ppm Hg was found i n  
l a b o r a t o r y  t a p  w a te r  by d i r e c t  a n a l y s i s  w i th  th e  q u a r t z  "T" AAS 
s y s te m . T h is  was h ig h e r  th a n  th e  2 ppb l i m i t  f o r  m ercury  i n  
d r i n k i n g  w a te r  e s t a b l i s h e d  by th e  US EPA. I t  was th o u g h t  a t  f i r s t  
t h a t  t h i s  h ig h  c o n c e n t r a t i o n  was due to  some c o n ta m in a n t  or i n t e r ­
f e r i n g  s u b s t a n c e .  A number of p o s s i b l e  i n t e r f e r e n c e s  were 
a n a ly z e d .
A b s o r p t io n  s i g n a l s  a t  184 .9  nm f o r  1000 ppm s o l u t i o n s  of 
Fe^+ , Cu^+ and Zn^+  were e x a c t l y  e q u a l  t o  th e  a b s o r p t i o n  
s i g n a l s  o f  t h e  d e io n iz e d  d i s t i l l e d  w a te r  u sed  t o  p r e p a r e  t h e s e  
s o l u t i o n s .  Ho i n t e r f e r e n c e  was s e e n  f o r  2000 and 5000 ppm Cl~
( a s  NaCl) s o l u t i o n s  a t  1 8 4 .9  nm. A 1000 ppm s o l u t i o n  o f  S i  ( a s
N aSi 0 3 ) gave no i n t e r f e r e n c e  a t  184 .9  nm.
The 10% HNO3  u sed  f o r  c l e a n in g  g la s s w a r e  and equipm ent 
was found  t o  c o n ta i n  abou t  0 .4  ppm Hg, a p p ro x im a te ly  th e  same as 
d e i o n i z e d ,  d i s t i l l e d  w a te r  a lo n e .
H y d r o c h lo r i c  a c i d ,  u sed  i n  t h e  CH3 HgCl e x t r a c t i o n  s t u d i e s ,  
p r e s e n t e d  two p ro b le m s ,  m ercu ry  c o n ta m in a t io n  and s e v e r e  m o le c u la r  
a b s o r p t i o n .  A 6  M HC1 s o l u t i o n ,  such  a s  t h a t  u sed  i n  t h e  e x t r a c ­
t i o n  p r o c e d u r e ,  gave a re s o n a n c e  a b s o r p t i o n  s i g n a l  o f  a b o u t  50%
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a b s o r p t i o n  a t  253 .7  nm. The 184 .9  nm l i n e  c o u ld  n o t  be u s e d ,  
s i n c e  1 yL o f  6  M HC1 a b s o rb e d  th e  e n t i r e  l i n e .  The a b s o r p t i o n  
s i g n a l  a t  253 .7  nm was v e ry  b road  and t a i l e d  b a d ly .  A p p ro x im a te ly  
30% o f  t h e  peak h e ig h t  was due to  m o le c u la r  a b s o r p t i o n .  T h is  
background  s i g n a l  c o u ld  be d e c re a s e d  t o  5-10% a b s o r p t i o n  by 
n e u t r a l i z a t i o n  of t h e  HC1 w i t h  NaC0 3 » The same ty p e  of 
r e s o n a n c e  and background s i g n a l s  e x h i b i t e d  by 6  M HC1 were a l s o  
s e e n  on a n a l y s i s  of 5.25% aqueous  sodium h y p o c h l o r i t e  ( C h lo r o x ) .  
D i l u t i o n  of HC1 t o  c o n c e n t r a t i o n s  l e s s  th a n  2 M re d u c e d  th e  back ­
g round  s i g n a l  t o  l e s s  th a n  5% a b s o r p t i o n .  The 6  M HC1 s o l u t i o n  
was found  t o  c o n t a i n  3 ppm Hg.
5 . C o n f i rm a to ry  T e s t s  f o r  M ercury i n  W ater
Tap w a te r  which was b o i l e d  i n  an  open b e a k e r  f o r  30 
m in u te s  was found t o  c o n ta i n  0 .8 3  ppm Hg. F r e s h  t a p  w a te r  
a n a ly z e d  a t  th e  same t im e  c o n ta in e d  0 .7 6  ppm Hg. No m ercury  
a p p e a r e d  t o  be l o s t  by v o l a t i l i z a t i o n  from  th e  b o i l e d  sam p le .
No d i f f e r e n c e  i n  m ercury  c o n c e n t r a t i o n  was found betw een 
f r e s h  t a p  w a te r  and w a te r  e l e c t r o l y z e d  a t  1 V f o r  one week. At 
th e  end o f  t h e  e l e c t r o l y s i s  p e r i o d ,  a waxy d e b r i s  was found 
f l o a t i n g  on to p  o f  th e  w a t e r .  T h is  was e v i d e n t l y  due to  decompo­
s i t i o n  o f  th e  p o ly e th y le n e  b o t t l e  w hich c o n ta in e d  t h e  w a te r  and 
e l e c t r o d e s .
Tap w a te r  c o n ta i n in g  0 .1 5  ppm Hg was ru n  th ro u g h  25 mL. b u r e t s  
packed  w i t h  e i t h e r  c a t i o n  exchange  r e s i n  o r  a c t i v a t e d  c h a r c o a l .  
W ater e l u t e d  from e i t h e r  s c ru b b e r  c o n ta in e d  no d e t e c t a b l e  m ercury
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(<0*05 ppm). The m ercury  c o n te n t  of t a p  w a te r  was d e c re a s e d  by 
a b o u t  70% on p a s sa g e  th ro u g h  a 25 mL b u r e t  c o n t a i n i n g  d i t h i z o n e -  
t r e a t e d  m o le c u la r  s i e v e .
No d e c r e a s e  i n  m ercury  c o n c e n t r a t i o n  o c c u r r e d  on t r e a tm e n t  of 
w a te r  w i th  P2S5 ° r  t h io a c e t a m id e  and h e a t  in  o r d e r  to  p r e ­
c i p i t a t e  HgS.
W ater sam ples  and s t a n d a r d s  which had been  t r e a t e d  w i th  
a c t i v a t e d  c a rb o n  f o r  48 h o u rs  were a n a ly z e d .  The a c t i v a t e d  ca rbon  
p i e c e s  were a l s o  a n a ly z e d ,  by d ro p p in g  them i n t o  t h e  a to m iz e r  w i th  
t w e e z e r s .  The a b s o r p t i o n  s i g n a l s  from th e  ca rb o n  p i e c e s  were v e ry  
l a r g e  (70-100% a b s o r p t i o n )  and b ro a d .  I t  was n o t  p o s s i b l e  to  
o b t a i n  q u a n t i t a t i v e  i n f o r m a t io n  from  t h e s e  s i g n a l s .  A n a ly ses  of 
t h e  w a te r  was more i n f o r m a t i v e .  Tap w a te r  t r e a t e d  w i th  a c t i v a t e d  
c a rb o n  c o n ta in e d  0 .0 9  ppm Hg, f r e s h  t a p  w a te r  c o n ta in e d  0 .7 2  ppm 
Hg and t a p  w a te r  which s to o d  f o r  48 h o u rs  w i th o u t  ca rb o n  c o n ta in e d  
no d e t e c t a b l e  m e rc u ry .  F re sh  d e io n iz e d  d i s t i l l e d  w a te r  c o n ta in e d
0 .3 6  ppm Hg w h i l e  c a r b o n - t r e a t e d  d e io n iz e d  w a te r  was found t o  have 
no d e t e c t a b l e  m erc u ry .  The 15 ppm Hg2+ s t a n d a r d  c o n ta in e d  
o n ly  4 .3  ppm Hg a f t e r  th e  t r e a tm e n t  w i th  a c t i v a t e d  c a rb o n .  The 
c a rb o n  a p p e a re d  t o  a d s o rb  ab o u t  87% o f  t h e  m ercury  p r e s e n t  in  
w a te r  ( a t  a l e v e l  o f  <1 ppm). About 71% o f  th e  m ercury  was 
a d s o rb e d  from  th e  15 ppm Hg s t a n d a r d .  More th a n  93% o f  th e  
o r i g i n a l  m ercu ry  c o n te n t  was l o s t  from t a p  w a te r  on s ta n d i n g  f o r  
48 h o u rs  w i th  no t r e a tm e n t  w h a ts o e v e r .
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Tap w a te r  sam ples  w hich had been  a l lo w e d  to  s ta n d  ove r  a c i d -  
washed mossy z in c  f o r  4 h o u rs  were found t o  have no d e t e c t a b l e  
am ounts o f  m e rc u ry ,  b u t  f r e s h  t a p  w a te r  sam ples  c o n ta in e d  from
0 .0 7  t o  0 .2 5  ppm Hg.
F i n a l l y ,  t a p  w a te r  was d i l u t e d  w i th  s u c c e s s iv e  amounts of 
a b s o l u t e  e t h a n o l ,  t o  make c e r t a i n  t h a t  th e  a b s o r p t i o n  s i g n a l  was 
p r o p o r t i o n a l  t o  t h e  amount of w a t e r .  D i l u t i o n s  of 5 :0 ,  4 : 1 ,  3 : 2 ,  
2 : 3 ,  1 :4  and 0 :5  (V/V) w a t e r / e t h a n o l  were a n a ly z e d .  The m ercury  
c o n c e n t r a t i o n  d e c re a s e d  i n  a l i n e a r  f a s h i o n  as  th e  amount of 
e t h a n o l  i n c r e a s e d .  The m ercury  c o n c e n t r a t i o n  d ropped  from 0 .4 8  
ppm (p u re  w a te r )  t o  0 .1 6  ppm (p u re  e t h a n o l )  w i t h  s u c c e s s iv e  
d i l u t i o n s .
6 . C old  Vapor-AAS A n a ly s i s
M ercury  s t a n d a r d s  o f  0 ,  1 0 ,  50 , 100 , and 200 n g ,  which had 
been  p r e p a r e d  i n  d e io n iz e d  d i s t i l l e d  w a t e r ,  were a n a ly z e d  by th e  
c o ld  vapor-AAS m ethod . The m ercury  c o n c e n t r a t i o n  i n  d e io n iz e d  
d i s t i l l e d  w a te r  was c a l c u l a t e d  by th e  method o f  s t a n d a r d  a d d i t i o n s  
from  t h e s e  s t a n d a r d s .  The a b s o r p t i o n  s i g n a l s  f o r  th e  s t a n d a r d s  
and sam ples  were c o r r e c t e d  f o r  t h e  r e a g e n t  b la n k ,  which c o n ta in e d  
o n ly  t h e  added  r e a g e n t s  and no a d d i t i o n a l  w a t e r .  M ercury l e v e l s  
i n  t a p  w a te r  were d e te rm in e d  from th e  c a l i b r a t i o n  c u rv e .  A 
t y p i c a l  d a ta  s e t  i s  g iv e n  i n  T a b le  4 . The d e t e c t i o n  l i m i t  f o r  th e  




C old  Vapor-AAS D e te rm in a t io n  of M ercury In  W ater
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( a )  C a l c u l a t e d  by th e  method o f  s t a n d a r d  a d d i t i o n s  from  th e  l i n e  
Y = 0 . 0007X + 0 .0 1 0 6 ,  where Y ■ a b s o r b a n c e ,  X ■ ngHg. C o r­
r e l a t i o n  c o e f f i c i e n t  = 0 .9 9 6 3 .
(b )  R eagen t  b la n k  a b s o rb a n c e  was s u b t r a c t e d  from a l l  sa m p le s .
( c )  C a l c u l a t e d  from th e  above c a l i b r a t i o n  c u rv e .
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D e io n iz e d  d i s t i l l e d  w a te r  was found t o  c o n t a i n  < 0 .0 1 - 0 .1 4  ppb 
Hg by t h i s  m ethod. Tap w a te r  was found to  c o n t a i n  0 .2 9 - 0 .8 3  ppb 
Hg. Tap w a te r  sam ples  w hich were a n a ly z e d  w i th  and w i th o u t  th e  
p e rm angana te  o x i d a t i o n  s t e p  a p p e a re d  t o  c o n ta i n  th e  same amount of 
m e rc u ry .  T h is  would i n d i c a t e  t h a t  th e  m ercury  i n  t a p  w a te r  was i n  
a c h e m ic a l  form w hich  was r e a d i l y  red u c e d  by Sn^+ .
7. E x t r a c t i o n  o f  M e th y lm e rc u r ic  C h lo r id e
S o l u t i o n s  c o n t a i n i n g  1 -2  ppm Hg a s  C ^ H g C l were e x t r a c t e d  
from aqueous HC1 s o l u t i o n s  i n t o  benzene and from  benzene i n t o  
aqueous  c y s t e i n e  s o l u t i o n  to  s tu d y  th e  e f f e c t i v e n e s s  of th e  
e x t r a c t i o n .  F ive  r e p l i c a t e  e x t r a c t i o n s  were p e r fo rm e d .  The 
p e r c e n t  of added m ercu ry  r e c o v e r e d  i n  b o th  p h a ses  ran g e d  from 
8 7 .5 -1 1 9 .0 % , w i th  an  a v e ra g e  r e c o v e r y  o f  98.8%. At th e  1 -2  ppm Hg 
l e v e l ,  t h e  e x t r a c t i o n  o f  C ^ H g C l from benzene i n t o  aqueous 
c y s t e i n e  i s  60-77% c o m p le te .
The d i s t r i b u t i o n  c o e f f i c i e n t  f o r  e x t r a c t i o n  of C ^H gC l 
from  HC1 i n t o  benzene  was c a l c u l a t e d  t o  be 1 3 .9 ;  t h a t  f o r  e x t r a c ­
t i o n  o f  CH3 HgCl from  benzene i n t o  aqueous  c y s t e i n e ,  0 .3 6 .
A summary of t h e  d a ta  i s  g iv e n  i n  T a b le  5.
D. DISCUSSION
1. A dvan tages  o f  t h e  Method
The use  of t h e  q u a r t z  ”T" a to m iz e r  p e r m i t t e d  th e  d i r e c t  
a n a l y s i s  o f  w a te r  sam ples  f o r  m erc u ry .  The e l i m i n a t i o n  o f  p r e ­
t r e a t m e n t  and p r e c o n c e n t r a t i o n  s t e p s  g r e a t l y  i n c r e a s e d  th e  
a c c u r a c y ,  s i m p l i c i t y  and speed  of th e  d e t e r m i n a t i o n .
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Table 5
E x t r a c t i o n  of Cl^HgCl w i th  Benzene 
ppm Hr ( a s  CH^HgCl)c
% Hg
System i n i t i a l  f i n a l  r e c o v e r e d
1 . c y s t e i n e / b e n z e n e
a .  aqueous  phase  0 1 .3 4  8 7 .5
o r g a n i c  phase  2 0 .4 1
b . aqueous  phase  1 1 .1 2  119 .0
o r g a n i c  phase  0 0 .4 7
2. HC1/benzene
a .  aqueous  phase  0 0 .1 9  9 4 .5
o r g a n i c  phase  2 1 .7 0
b . aqueous  phase  1 <0 .05  9 4 .2






( c )  Average o f  f i v e  r e p l i c a t e  a n a ly s e s  of each  sy s te m .
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The h ig h  a to m i z a t i o n  e f f i c i e n c y  of th e  q u a r t z  ” T” e n s u re d  
t h a t  a l l  c h e m ic a l  forms o f  m ercu ry  i n  t h e  sam ple were d e t e c t e d ,  
w hich a l s o  i n c r e a s e d  th e  a c c u r a c y  o f  t h i s  d e t e r m i n a t i o n .
The a b s o l u t e  s e n s i t i v i t y  was e x c e l l e n t ,  10“ -^® g Hg a t  
253 .7  nm and 10“ ^  g Hg a t  184 .9  nm. The a b s o l u t e  d e t e c t i o n  
l i m i t  of t h i s  method ex ceeded  t h a t  of most commonly used  methods 
by a f a c t o r  of 1 0 -1 0 0 ,  a s  can  be se en  i n  T a b le  6 . However, th e  
volume of sample i n j e c t e d  was l i m i t e d  to  1 - 2  yL by s e v e r a l  
f a c t o r s .  The s i z e  o f  t h e  a b s o r p t i o n  s i g n a l  was a l i m i t i n g  f a c t o r  
a t  1 8 4 .9  nm. The s i z e  o f  th e  a to m iz e r  and f lo w  r a t e  th ro u g h  i t  
r e s t r i c t e d  t h e  amount o f  h o t ,  r a p i d l y - e x p a n d in g  sam ple gas which 
c o u ld  be c o n ta in e d  i n  t h e  a b s o r p t i o n  c e l l .  The s i z e  o f  th e  ca rbon  
d i s k s  l i m i t e d  t h e  amount of sample w hich c o u ld  be p la c e d  on them. 
As a co nsequence  of t h i s  r e s t r i c t i o n  o f  sample volum e, th e  d e t e c ­
t i o n  l i m i t  e x p r e s s e d  i n  te rm s  o f  c o n c e n t r a t i o n  was n o t  v e ry  
i m p r e s s i v e ,  o n ly  50 ppb a t  253 .7  nm and 10 ppb a t  1 8 4 .9  nm.
The q u a r t z  ” T" AAS sy s te m  was a b le  t o  e x p l o i t  t h e  v e ry  
s e n s i t i v e  r e s o n a n c e  l i n e  a t  1 8 4 .9  nm, i n  t h e  v a c u u m - u l t r a v i o l e t  
r e g i o n  o f  t h e  s p e c t ru m . T h is  was done by th e  s im p le  e x p e d ie n t  of 
p u r g in g  t h e  o p t i c a l  l i g h t  p a th  w i th  n o n - a b s o r b in g  n i t r o g e n .
2. C a l i b r a t i o n  and  P r e c i s i o n
The v a p o r  c a l i b r a t i o n  method was s im p l e ,  r a p i d  and d id  not 
c o n t r i b u t e  to  a b u i ld - u p  of c a rb o n  d i s k s  i n  t h e  a to m iz e r .  Vapor 
s t a n d a r d s  were a l s o  more r e l i a b l e  th a n  aqueous  s t a n d a r d s  s in c e  
t h e y  d i d  no t d e t e r i o r a t e  on s t o r a g e .  T h is  method would have been
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Table 6
D e t e c t io n  L im i ts  o f  I n s t r u m e n t a l  Methods A p p l ied  t o  D e te rm in a t io n: n t a x n e t n o a i i  
o f  Mercury^-^9, 130
Method D e t e c t io n  l i m i t  (ng  Hg)
Flame AAS 20
C old  v a p o r  AAS 1
Flame a to m ic  f l u o r e s c e n c e  3
Atomic e m is s io n  1 -2
GC-ECD 0 .1
Mass S p e c t ro m e t ry  (SSMS) 1
C o lo r im e t r y  50-200
P o la ro g ra p h y  50-1000
NAA 0 . 1 - 0 . 5
Q u a r tz  "T" AAS ( t h i s  s tu d y )  0 .0 0 5 a t 0 .0 5 ^
( a )  a t  184 .9  nm
(b )  a t  253 .7  nm
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p r e f e r r e d  ove r  aqueous c a l i b r a t i o n  c u r v e s ,  b u t  f o r  one p rob lem .
I t  was n o te d  d u r in g  th e  s t u d i e s  on m ethods o f  sample i n t r o d u c t i o n  
t h a t  t h e  c o n c e n t r a t i o n s  o f  m ercu ry  found i n  d e io n iz e d  and ta p  
w a te r  v a r i e d  w i th  th e  d e l i v e r y  d e v ic e  u s e d .  T h is  v a r i a t i o n  was 
o f t e n  by a f a c t o r  of 5 -1 0 ,  c a l c u l a t e d  from v ap o r  c a l i b r a t i o n  
c u r v e s .  At f i r s t ,  t h i s  was th o u g h t  to  be on ly  a norm al d a i l y  
f l u c t u a t i o n  of m ercu ry  c o n c e n t r a t i o n .  P a r t  o f th e  r e a s o n  f o r  t h i s  
f l u c t u a t i o n  became a p p a re n t  when benzene s o l u t i o n s  of CHgHgCl, 
i n j e c t e d  d i r e c t l y  w i th  th e  Drummond m ic r o d i s p e n s e r ,  were compared 
t o  aqueous  Hg^+ and Hg° v a p o r  c a l i b r a t i o n  c u r v e s .  The 
CH3 HgCl s t a n d a r d s  gave h ig h e r  a b s o r p t i o n  s i g n a l s  th a n  th e  Hg° 
s t a n d a r d s .  T h is  im p l ie d  one o f  t h e  f o l l o w i n g :  t h a t  C ^ H g C l
was a to m iz e d  more e f f i c i e n t l y  t h a n  a to m ic  m ercury  v a p o r ;  t h a t  
a to m ic  m ercu ry  v a p o r  was b e in g  i o n i z e d ,  r e s u l t i n g  i n  s m a l l e r  
a b s o r p t i o n  s i g n a l s  t h a n  e x p e c te d  o r  t h a t  to o  much Cl^HgCl was 
b e in g  i n j e c t e d .  The f i r s t  two a l t e r n a t i v e s  d id  n o t  seem v e ry  
p l a u s i b l e ,  b u t  t h e  t h i r d  c h o ic e  was i n v e s t i g a t e d .  Ten a l i q u o t s  
e a c h  o f  w a te r  and benzene were t r a n s f e r r e d  o n to  p i e c e s  o f  f i l t e r  
p a p e r  w i th  th e  H a m il to n  m i c r o l i t e r  s y r i n g e ,  t h e  Drummond m ic ro ­
d i s p e n s e r  and th e  F i n n p l p e t t e .  The d r o p l e t s  formed c i r c u l a r  s p o t s  
on th e  f i l t e r  p a p e r .  The d i a m e te r s  of t h e  c i r c l e s  were m easured 
and th e  a r e a  of t h e  d r o p l e t  was c a l c u l a t e d .  A c o n s i d e r a b l e  d i s ­
c re p a n c y  e x i s t e d  betw een  th e  volumes e j e c t e d  by th e  d i f f e r e n t  
d e v i c e s .  The a v e ra g e  a r e a  o f  an  aqueous 1 yL d r o p l e t  from  the  
H am il to n  m ic r o s y r in g e  was 0 .2 1  +  0 .0 1  cm^, w h i le  t h a t  f o r  th e
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F i n n p i p e t t e  was 0 .7  +  0 .0 9  cm2 , a lm o s t  f o u r  t im e s  as  l a r g e .
The Drummond m ic r o d i s p e n s e r  d e l i v e r e d  aqueous 1 yL d r o p l e t s  w i th  
a n  a r e a  o f  0 .2 5  +  0 .0 3  cm2 , b u t  1 pL d r o p l e t s  o f  benzene  w i th  
an  a r e a  o f  0 .3 0  + 0 .0 3  cm2 , a lm o s t  20% g r e a t e r  th a n  th e  
aqueous  d r o p l e t s .  T h e r e f o r e ,  i t  was c l e a r  t h a t  c a l i b r a t i o n  
s t a n d a r d s  had t o  be p re p a r e d  i n  th e  same s o lv e n t  a s  th e  sam ples  
and  t h a t  s t a n d a r d s  and sam ples  had t o  be i n j e c t e d  i n  th e  same 
manner w i th  th e  same s y r in g e  o r  p i p e t t e .  M ercury v a p o r  c a l i b r a ­
t i o n  c u rv e s  a p p a r e n t l y  cou ld  be used  i n  p la c e  o f  aqueous s t a n d a r d s  
i n t r o d u c e d  on ca rb o n  d i s k s ,  s i n c e  th e  c u rv e s  were e q u i v a l e n t ,  bu t  
c o u ld  n o t  be u sed  f o r  c a l c u l a t i o n  o f  c o n c e n t r a t i o n s  of m ercu ry  i n  
benzene  o r  of sam ples  i n j e c t e d  w i th  th e  m i c r o p i p e t t e .
C a l i b r a t i o n  c u rv e s  were p r e p a r e d  i n  th e  manner most c l o s e l y  
m atched  t o  t h e  sa m p le s .  Benzene s o l u t i o n s  were compared to  
o r g a n i c  m ercu ry  s t a n d a r d s  i n  ben zen e ,  f o r  exam ple .  The same 
d e l i v e r y  d e v ic e ,  e i t h e r  H a m il to n  m ic r o s y r in g e  o r  Drummond m ic r o -  
d i s p e n s e r ,  was used  t o  t r a n s f e r  sam ples  and s t a n d a r d s .  T h is  
a v o id e d  th e  d i s c r e p a n c y  i n  volume betw een  d e v ic e s  w hich  was 
d e s c r i b e d  ab o v e .  The use  of s o l u t i o n  s t a n d a r d s  f o r  c a l i b r a t i o n  
d i d  e n t a i l  th e  r i s k s  o f  d e t e r i o r a t i o n  by a d s o r p t i o n  o n to  th e  f l a s k  
and by v o l a t i l i z a t i o n  of m erc u ry ,  s o lv e n t  o r  b o th .  T h is  r i s k  was 
k e p t  t o  a minimum by p r e p a r in g  new s to c k  s t a n d a r d s  e v e ry  s i x  
m onths and w ork ing  s t a n d a r d s  on a d a i l y  b a s i s .  P r e - e q u i l i b r a t e d  
f l a s k s  were used  t o  p r e p a r e  w ork ing  s t a n d a r d s  t o  m in im ize  a d s o r p ­
t i o n  o n to  t h e  w a l l s  o f  th e  f l a s k s .
81
C a l i b r a t i o n  c u rv e s  a t  1 8 4 .9  nm w ere  o b se rv e d  t o  d e v ia t e  from 
l i n e a r i t y  when more th a n  4 ng Hg was i n j e c t e d ,  a s  can be seen  i n  
F ig u re  12. T h is  phenomenon was o b se rv e d  w i th  m ercury  e l e c t r o d e -  
l e s s  d i s c h a r g e  lamps a s  w e l l  a s  w i th  th e  dem ountab le  h o l low  
c a th o d e  lamp used  i n  t h i s  s t u d y .  T h is  d e v i a t i o n  from  l i n e a r i t y  
can  be a t t r i b u t e d  to  s e l f - r e v e r s a l  i n  th e  la m p s , ^  and b ro a d e n in g  
o f  e m is s io n  l i n e s  due t o  h y p e r f i n e  s p l i t t i n g  and i s o t o p e  
e f f e c t s . ^ 1
The r e l a t i v e  s t a n d a r d  d e v i a t i o n  was 9-18% a t  th e  1-2 ppm Hg 
l e v e l ,  and depended  on th e  d e l i v e r y  d e v ic e  and a l i q u o t  volum e.
T h is  p r e c i s i o n  was c o n s id e r e d  t o  be q u i t e  a d e q u a te  f o r  the  
p u r p o s e ,  e s p e c i a l l y  when such  s m a l l  volum es were m easu red . The 
p r e c i s i o n  was a l s o  a f u n c t i o n  of t h e  way i n  w hich  th e  sample 
r e a c t e d  w i th  th e  b ed . D i f f e r e n c e s  i n  peak h e ig h t  and shape were 
n o te d  w h ich  were d e p e n d en t  on how th e  ca rb o n  d i s k  f e l l  o n to  th e  
b ed . Samples w hich la n d e d  e d g e -o n  o r  face -dow n  burned  f a s t e r  and 
gave s h a r p e r ,  n a r ro w e r  peaks th a n  d i s k s  which la n d e d  sample s i d e -  
up . S in c e  o n ly  peak h e i g h t ,  no t  a r e a ,  was m ea su red ,  t h i s  d i r e c t l y  
a f f e c t e d  th e  p r e c i s i o n .  T h is  was c l e a r  from th e  p r e c i s i o n  d a t a .  
The c a rb o n  d i s k  t e c h n iq u e  gave a  r e l a t i v e  s t a n d a r d  d e v i a t i o n  of 
17.8%, w h i le  th e  d i r e c t  i n j e c t i o n  t e c h n i q u e ,  i n  w hich sam ples  h i t  
t h e  bed i n  a more r e p r o d u c i b l e  m anner ,  gave  a r e l a t i v e  s ta n d a r d  
d e v i a t i o n  o f  9-15%.
P r e c i s i o n  c o u ld  have been i n c r e a s e d  i f  a d o u b le —beam o p t i c a l  
sy s te m  had been  a v a i l a b l e .  The c u r r e n t  s in g le -b e a m  sys tem
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r e q u i r e d  m easurem ent of re s o n a n c e  and background a b s o r p t i o n  
s i g n a l s  on s e p a r a t e  a l i q u o t s  o f  sam ple . T h is  was n o t  a s  p r e c i s e  
a s  t h e  s im u l ta n e o u s  background  c o r r e c t i o n  w hich c o u ld  have been 
o b t a i n e d  th ro u g h  use  of a doub le-beam  sy s te m .
3 . C ho ice  o f  R esonance  L ine
The m ercury  r e s o n a n c e  l i n e s  a t  184 .9  nm and 253 .7  nm were 
u sed  t o  m easure  a b s o r p t i o n  by th e  s a m p le s .  The 1 8 4 .9  nm l i n e  was
more s e n s i t i v e  th a n  th e  253 .7  nm l i n e ,  b u t  no t by th e  f a c t o r  of 50
e x p e c te d  from th e  d i f f e r e n c e  In  o s c i l l a t o r  s t r e n g t h s  of th e  l i n e s .  
The s e n s i t i v i t y  was o n ly  I n c r e a s e d  t e n f o l d ,  due t o  a  c o m b in a t io n  
o f  f a c t o r s .  The n o i s e  l e v e l  a t  184 .9  nm was much g r e a t e r  th a n  
t h a t  a t  25 3 .7  nm b e c au se  th e  p h o t o m u l t i p l i e r  tu b e  was o p e r a t i n g  a t  
t h e  low er l i m i t  o f  I t s  r e s p o n s e .  In  a d d i t i o n ,  t h e  a m p l i f i e r  g a in  
was s e t  f o r  maximum s e n s i t i v i t y  I n  o r d e r  t o  com pensate  f o r  a b s o rp ­
t i o n  o f  th e  l i n e  a s  i t  p a s se d  th ro u g h  th e  2 0  cm o f  o p t i c a l  p a th  
exposed  t o  a i r .  Both of t h e s e  f a c t o r s  c o n t r i b u t e d  t o  e l e c t r o n i c  
n o i s e ,  and c o n s e q u e n t ly ,  t o  a d e c re a s e d  d e t e c t i o n  l i m i t ,  d e f i n e d  
a s  a  s i g n a l  t o  n o i s e  r a t i o  o f  2 . 0 .
The d e t e c t i o n  l i m i t  a t  184*9 nm was l i m i t e d  by th e  m o le c u la r  
background  a b s o r p t i o n  s i g n a l .  T h is  s i g n a l  was due t o  H2  and
CO form ed on c om bus t ion  o f  t h e  sample m a t r i x .  A 1 PL a l i q u o t  of
w a te r  g e n e r a te d  a 20% background  a b s o r p t i o n  s i g n a l  and a  40% 
r e s o n a n c e  a b s o r p t i o n  s ig n a l*  The s i z e  o f  th e  a l i q u o t  c o u ld  no t be 
i n c r e a s e d  b e c au se  th e  a b s o r p t i o n  s i g n a l  would exceed  th e  l i n e a r  
w ork ing  r a n g e .  A lthough  b e t t e r  s e n s i t i v i t y  was o b ta in e d  a t
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1 8 4 .9  nm, th e  d e t e c t i o n  l i m i t  e x p re s s e d  as  c o n c e n t r a t i o n  was 
l i m i t e d  by th e  1 yL sam ple  volum e, w h ile  a t  253 .7  nm, t h e  d e t e c ­
t i o n  l i m i t  c o u ld  be i n c r e a s e d  by i n j e c t i o n  of up to  3 yL.
The 253 .7  nm re s o n a n c e  l i n e  was u s e f u l  i n  t h a t  no m o le c u la r  
a b s o r p t i o n  from th e  sam ple o c c u r r e d  a t  t h i s  w a v e le n g th ,  b u t  peak 
h e i g h t s  f o r  2 yL a l i q u o t s  were g e n e r a l l y  o n ly  2-5% a b s o r p t i o n .
The e r r o r  a s s o c i a t e d  w i th  m ea su r in g  s i g n a l s  of 2-5% a b s o r p ­
t i o n  i s  l a r g e . 132 s i n c e  n e i t h e r  l i n e  had a g r e a t  a d v a n ta g e  i n  
t h e  a n a l y s i s  o f  w a t e r ,  t h e  w a v e le n g th  used  depended on th e  n a tu r e  
of o t h e r  sam ples  b e in g  a n a ly z e d  t h a t  day .
4 .  C o n c e n t r a t i o n  o f  M ercury  i n  W ater
The c o n c e n t r a t i o n s  o f  m ercu ry  found i n  l o c a l  t a p  w a te r  
were ab o u t  two o r d e r s  of m agn itude  h i g h e r  th a n  " a l lo w a b le "  con­
c e n t r a t i o n s .  I t  i s  b e l i e v e d  t h a t  th e  a v e ra g e  c o n c e n t r a t i o n  of
0 .4 0  ppm Hg m easured  i n  w a te r  by t h i s  method d id  not r e p r e s e n t  a 
c o n ta m in a te d  w a te r  s u p p ly ,  b u t ,  r a t h e r ,  an  a c c u r a t e  e s t i m a t e  of 
th e  m ercu ry  w hich i s  n o rm a l ly  p r e s e n t .  As was d e m o n s t ra te d  by 
c o ld  vapo r  a n a l y s i s  o f  t h i s  same w a te r  s u p p ly ,  t h e  c u r r e n t  
s t a n d a r d  method i s  n o t  a c c u r a t e .  Cold  v a p o r  a n a l y s i s  by th e  
s t a n d a r d  p ro c e d u re  m easured  l e s s  th a n  1 ppb Hg i n  t a p  w a t e r ,  w e l l  
w i t h i n  th e  " a l l o w a b le ” l i m i t  w hich was based  on th e  CV-AAS 
t e c h n i q u e .  Water a n a ly z e d  by th e  q u a r t z  "T"-AAS d i r e c t  method on 
th e  same days was found  t o  c o n ta i n  0 .4 0 - 0 .8 0  ppm Hg. As a r e s u l t  
o f  d i r e c t  a n a l y s i s  w i th  th e  q u a r t z  "T" a t o m i z e r ,  i t  i s  b e l i e v e d  
t h a t  t h e  c o ld  vapo r  t e c h n iq u e  e i t h e r  d id  not m easure a l l  ch e m ica l
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fo rm s o f  m ercu ry  i n  th e  sam ple or p e r m i t t e d  s i g n i f i c a n t  l o s s e s  of 
m e rc u ry ,  p o s s i b l y  i n  t h e  o x i d a t i o n  s t e p .
I t  c a n n o t  be d o u b ted  t h a t  th e  s u b s ta n c e  m easu red  i n  t h e s e  
s t u d i e s  was m ercury* I t  i s  h i g h ly  im p ro b a b le  t h a t  a n o th e r  sub­
s t a n c e  would d e m o n s t ra te  a to m ic  a b s o r p t i o n  a t  b o th  of th e  m ercury  
r e s o n a n c e  l i n e s .  The s u b s ta n c e  was t r a p p e d  by c a t i o n  exchange 
r e s i n ,  a c t i v a t e d  c h a r c o a l ,  a c t i v a t e d  c a rb o n ,  d i t h i z o n e  and 
e l e m e n t a l  z i n c ,  a s  m ercu ry  would b e .  I t  d id  no t a p p e a r  to  be 
p r e c i p i t a t e d  by s u l f i d e ,  w hich would i n d i c a t e  e i t h e r  t h a t  m ercury  
was n o t  p r e s e n t  in  w a te r  a s  Hg^+  o r  t h a t  th e  r e a g e n t s  them­
s e l v e s  c o n ta in e d  m e rc u ry .  The e x p e r im e n ta l  f i n d i n g s  t h a t  th e  
m ercu ry  i n  t a p  w a te r  was n o t  l o s t  by b o i l i n g  o r  e l e c t r o l y s i s  
s u p p o r t e d  th e  b e l i e f s  t h a t  t h e  m ercu ry  was n o t  s im p ly  i o n i c  and 
was n o t  v e r y  v o l a t i l e  ( i . e .  n o t  Hg° o r  C l^ H g C l) .  I t  was p ro ­
b a b ly  i n  t h e  form  o f  a  s t a b l e  com plex , o r  bound to  b a c t e r i a ,  
p a r t i c u l a t e s  or s m a l l  o r g a n ic  m o le c u le s .
M ercury  d id  n o t  a p p e a r  t o  be e f f e c t i v e l y  removed by th e  
m lx e d -b ed  d e i o n i z i n g  column used  i n  t h i s  l a b o r a t o r y .  On many 
o c c a s i o n s ,  t h e  m ercury  c o n c e n t r a t i o n  i n  d e io n iz e d  w a te r  was 
s i g n i f i c a n t l y  h ig h e r  th a n  t h a t  i n  t a p  w a te r .
The n a t u r a l  w a te r  sam ples  s t u d i e d  g e n e r a l l y  had m ercury  con­
c e n t r a t i o n s  below th e  d e t e c t i o n  l i m i t  o f t h i s  m ethod . T h is  was 
n o t  s u r p r i s i n g ,  s i n c e  th e  most l i k e l y  s o u rc e  o f  m ercu ry  i n  t a p  
w a te r  i s  i n  t h e  c h l o r i d e  added  a s  a d i s i n f e c t a n t .  Most c h l o r i n e  
i s  c o n ta m in a te d  w i th  m ercury  a s  a  r e s u l t  of  i t s  p r o d u c t i o n  by
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m ercu ry  c e l l  e l e c t r o l y s i s  of b r i n e .  T h is  s o u rc e  of c o n ta m in a t io n  
w i l l  become l e s s  s i g n i f i c a n t  a s  more c h l o r i n e  p l a n t s  c o n v e r t  to  
p r o c e s s e s  w hich do not r e q u i r e  m ercury  and a s  ozone t r e a tm e n t  
r e p l a c e s  c h l o r i n a t i o n  i n  w a te r  p u r i f i c a t i o n .
An u n e x p e c te d  so u rc e  of m e r c u r y . i n  t a p  w a te r  was d i s c o v e r e d  
i n  th e  l a b o r a t o r y .  W ater from one f a u c e t  c o n s i s t e n t l y  c o n ta in e d  
2-3  ppm Hg, u n t i l  a w a te r  a s p i r a t o r  b rough t  over  from  th e  o ld  
c h e m is t r y  b u i l d i n g  was removed from th e  f a u c e t .  The m e ta l  
a s p i r a t o r  had e v i d e n t l y  am algam ated m ercury  from  w a te r  or a i r  and 
had become g r o s s l y  c o n ta m in a te d .  The end of t h e  a s p i r a t o r  was 
d ip p e d  i n t o  1 0 % n i t r i c  a c id  f o r  a few m in u te s  and th e  a c id  
a n a ly z e d  by th e  c o ld - v a p o r  t e c h n i q u e .  A huge a b s o r p t i o n  s i g n a l ,  
e q u a l  t o  >2000 ppm Hg, was g e n e r a t e d .  W ater sam ples  from t h i s  
f a u c e t  were not i n c lu d e d  i n  th e  r e p o r t e d  d a t a .
Tap w a te r  sam ples  from A rk an sas  c o n ta in e d  no d e t e c t a b l e  
m e rc u ry ,  b u t  t h e s e  sam ples were t r a n s p o r t e d  f o r  24 h r  p r i o r  to  
a n a l y s i s .  I t  has  been shown ove r  and ove r  a g a in  t h a t  d i l u t e  
m ercu ry  s o l u t i o n s  a r e  n o t  s t a b l e ,  so i t  i s  im p o s s ib l e  to  draw any 
c o n c lu s i o n s  from th e  l a c k  of m ercury  i n  th e  A rkansas  s a m p le s .
The amount of m ercury  consumed d a i l y  i n  d r in k i n g  w a te r  can be 
e s t i m a t e d  from  th e  d a ta  p r e s e n t e d .  I f  i t  i s  assumed t h a t  2 L o f  
w a te r  c o n ta i n in g  0 .4 0  ppm Hg a r e  consumed p e r  day , th e n  0 .8  mg Hg 
i s  i n g e s t e d  from t h i s  s o u r c e .
The c o n c e n t r a t i o n  o f  m ercury  i n  th e  l a b o r a t o r y ' s  t a p  w a te r  
a p p e a re d  t o  v a ry  on a  d a l l y  b a s i s .  As can be se en  from th e  d a ta
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i n  T a b le  3 , th e  d a l l y  v a r i a t i o n s  d id  no t seem t o  f o l l o w  any 
p a t t e r n .  The a v e ra g e  c o n c e n t r a t i o n  o f  m ercu ry  i n  w a te r  f o r  each  
m onth was c a l c u l a t e d .  These v a lu e s  a r e  a l s o  l i s t e d  i n  T a b le  3.
The h i g h e s t  c o n c e n t r a t i o n ,  0 .7 0  ppm o c c u r r e d  i n  May, 1981 . The 
c o n c e n t r a t i o n  th e n  d ropped  t o  ab o u t  0 .4  ppm Hg th ro u g h  O c to b e r ,  
1981 , and r o s e  t o  a peak of 0 .6 8  ppm Hg i n  December, 1981. The 
c o n c e n t r a t i o n  t h e n  d ropped  a g a in  i n  th e  f i r s t  h a l f  o f 1982. The 
s i g n i f i c a n c e  of t h e s e  o b s e r v a t i o n s  c a n n o t  be e v a l u a t e d ,  b e c a u s e ,  
d u r in g  s e v e r a l  m on ths ,  o n ly  one or two sam p les  were a n a ly z e d  and a 
few m onths were m is se d  e n t i r e l y .
5 .  E x t r a c t i o n  o f  M e th y lm e rc u r ic  C h lo r id e
The s t a n d a r d  e x t r a c t i o n  p ro c e d u re  f o r  a lk y lm e r c u ry  
compounds a p p e a re d  t o  be s a t i s f a c t o r y ,  b u t  i t  would c e r t a i n l y  be 
'a d v i s a b l e  to  ru n  s p ik e d  sdm ples  d u r in g  r o u t i n e  use  of t h i s  m ethod.
The p e r c e n t  r e c o v e r y  o f  m e th y lm ercu ry  c h l o r i d e  from w a te r  
v a r i e d  from 8 7 .5  t o  119%. The r e c o v e r y  v a l u e s  g r e a t e r  th a n  100% 
may be due t o  some e v a p o r a t i o n  of th e  benzene l a y e r  w i th  a 
r e s u l t i n g  i n c r e a s e  i n  m ercury  c o n c e n t r a t i o n .
The e x t r a c t i o n  e f f i c i e n c y  o f  th e  p ro c e d u re  c o u ld  be improved 
by m u l t i p l e  e x t r a c t i o n s ,  b u t  t h e s e  a r e  n o t  commonly u se d .
The d e t e r m i n a t i o n  o f  m ercu ry  i n  t h e s e  e x t r a c t e d  sam ples  was 
c o m p l ic a te d  by th e  h ig h  background  a b s o r p t i o n  from  th e  h y d ro ­
c h l o r i c  a c id  u s e d .  M easurement o f  a s m a l l  change i n  m ercu ry  con­
c e n t r a t i o n  on to p  o f  such  a l a r g e ,  b ro a d  background  s i g n a l  was 
v e r y  d i f f i c u l t .  The m o le c u la r  a b s o r p t i o n  c o u ld  be g r e a t l y  reduced
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by n e u t r a l i z a t i o n  o f  t h e  a c i d  w i th  sodium c a r b o n a te ,  b u t  th e  h e a t  
e v o lv e d  d u r in g  n e u t r a l i z a t i o n  c o u ld  cause  l o s s  o f  v o l a t i l e  
CH3 HgC l .
E. CONCLUSIONS AND SUMMARY
1 .  I t  was shown t h a t  th e  use  of th e  q u a r t z  "T" a to m iz e r  and 
sam ple  i n t r o d u c t i o n  on a c a rb o n  d i s k  o r  by d i r e c t  i n j e c t i o n  
p r o v id e d  a f e a s i b l e  and s u c c e s s f u l  t e c h n iq u e  f o r  th e  d i r e c t  d e t e r ­
m in a t io n  o f  m ercu ry  i n  w a te r  by a to m ic  a b s o r p t i o n  s p e c t r o s c o p y .
2 .  The d i r e c t  d e t e r m i n a t i o n  employed i n  t h e s e  s t u d i e s  
e l i m i n a t e d  sample p r e t r e a t m e n t  and p r e c o n c e n t r a t i o n  s t e p s .
P o s i t i v e  and n e g a t i v e  e r r o r s  a s s o c i a t e d  w i th  t h e s e  s t e p s  were 
t h e r e f o r e  a v o id e d .
3 . The d i r e c t  d e t e r m i n a t i o n ,  c o u p le d  w i t h  th e  h ig h  a to m iz a ­
t i o n  e f f i c i e n c y  and f lo w - th r o u g h  d e s ig n  of th e  q u a r t z  "T“ , 
I n c r e a s e d  th e  a c c u r a c y  o f  th e  a n a l y s i s  by e n s u r i n g  a to m iz a t io n  and 
d e t e c t i o n  of a l l  c h e m ic a l  form s of m ercu ry  p r e s e n t  i n  th e  sam ple .
4 .  The use o f  th e  q u a r t z  “T" a to m iz e r  p e r m i t t e d  a n a l y s i s  a t  
t h e  more s e n s i t i v e  1 8 4 .9  nm r e s o n a n c e  l i n e ,  i n  th e  vacuum u l t r a ­
v i o l e t  r e g i o n  of t h e  s p e c t ru m ,  a s  w e l l  a s  a t  th e  s p i n - f o r b i d d e n  
253 .7  nm re s o n a n c e  l i n e .
5 . Tap w a te r  from t h i s  l a b o r a t o r y  c o n ta in e d  0 .4 0  + 0 .3 3  ppm 
Hg. D e io n iz e d  d i s t i l l e d  w a te r  from t h i s  l a b o r a t o r y  c o n ta in e d  0 .4 6  
+ 0 .3 8  ppm Hg. I t  was e v id e n t  t h a t  t h e  m ixed-bed  io n  exchange 
colum n u se d  f o r  d e i o n i z a t i o n  of w a te r  had no e f f e c t  on th e  m ercury  
c o n c e n t r a t i o n .
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6 * O the r  w a te r  s o u r c e s  i n  Baton Rouge were found to  have an 
a v e ra g e  m ercury  c o n te n t  o f  0 .6 5  +  0 .4 4  ppm Hg.
7 .  The s t a n d a r d  method f o r  th e  d e t e r m i n a t i o n  o f  m ercury  i n  
w a t e r ,  c o ld  v a p o r - a to m ic  a b s o r p t i o n  s p e c t r o s c o p y ,  was shown to  
g iv e  r e s u l t s  which were two o r d e r s  o f  m agn itude  low er th a n  th o se  
o b t a in e d  by d i r e c t  a n a l y s i s .  The c o ld  v a p o r  r e s u l t s  a r e  b e l iv e d  
to  be i n  e r r o r ,  most p r o b a b ly  due to  f a i l u r e  of th e  method t o  
d e te r m in e  a l l  c h e m ica l  forms of m ercu ry  i n  th e  sam ple .
8 . The e x t r a c t i o n  o f  m e thy lm ercu ry  c h l o r i d e  from a c i d i f i e d  
aqueous  s o l u t i o n  i n t o  benzene was shown t o  be 90-100% c o m p le te .  
The d i s t r i b u t i o n  c o e f f i c i e n t  was c a l c u l a t e d  to  be 1 3 .9 .
CHAPTER 2
THE DIRECT DETERMINATION OF MERCURY IN URINE
A. INTRODUCTION
M ercury i s  a c c u m u la te d  i n  th e  k id n e y s  on p ro lo n g e d  e x p o s u re ,  
e s p e c i a l l y  e x p o su re  to  m e r c u r ic  compounds, and i s  e l i m i n a t e d  
s lo w ly .  10 I t  has  been known3 3 3  s i n c e  th e  19 th  c e n tu r y  
t h a t  m ercu ry  i s  e x c r e t e d  i n  u r i n e .  Most of th e  e a r l y  d a ta  were 
o b t a i n e d  from s t u d i e s  o f  p a t i e n t s  exposed  to  Hg as  a t r e a tm e n t  f o r  
s y p h i l i s .
U r ine  h a s  been used  e x t e n s i v e l y  to  m o n ito r  i n d u s t r i a l  
e x p o s u re  t o  m ercu ry  b e c a u se  t h e  sam ples  a r e  e a sy  t o  c o l l e c t  and 
c o n v e n ie n t  f o r  r o u t i n e  a n a l y s i s .  However, t h e r e  i s  some d i s a g r e e ­
ment a s  t o  t h e  v a lu e  o f  th e  d a ta  i n  a s s e s s i n g  e x p o s u re .
1 .  U r ine  a s  a B i o l o g i c a l  I n d i c a t o r  o f  M ercury E xposure  
The e x c r e t i o n  o f  m ercu ry  i n  u r in e  has  been found t o  depend 
upon th e  c h e m ic a l  form o f  t h e  e x p o s u re .  I n o r g a n ic  Hg compounds 
were e l i m i n a t e d  m a in ly  i n  th e  f e c e s  and u r i n e .  H igh 
c o n c e n t r a t i o n s  were found i n  b o th  media from p a t i e n t s  i n j e c t e d  
w i th  HgCl2  f o r  t r e a tm e n t  of s y p h i l i s ;  f o r  exam ple ,  Lom holt13^ 
found  25-30% o f  a 5 mg dose  i n  24 hour u r in e  s a m p le s .
E x c r e t i o n  o f  3 ^7jjg a f t e r  i n t r a v e n o u s  i n j e c t i o n  was 
s t u d i e d  by S o d ee , 3 3 3  who found  t h a t  75% o f  th e  amount g iv e n  
was e x c r e t e d  i n  u r i n e  w i t h i n  72 h o u r s .
A f t e r  i n h a l a t i o n  o f  v ap o r  c o n ta i n in g  0 .0 5 - 0 .1 0  mg Hg/m3 ,
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w o rk e rs  were f o u n d ^ f i  t o  e x c r e t e  0 .1 2  mg Hg/day In  u r i n e .  The 
amount o f  m ercu ry  i n  u r i n e  i n c r e a s e d  as  i t s  c o n c e n t r a t i o n  i n  
i n h a l e d  a i r  i n c r e a s e d . * - ^ 6
A lk y lm ercu ry  compounds, on th e  o th e r  hand , were not e x c r e t e d  
i n  u r i n e  t o  any g r e a t  e x t e n t .  A f t e r  o r a l  a d m i n i s t r a t i o n ,  o n ly  10% 
o f  a dose  o f  was e l i m i n a t e d  i n  u r i n e . *-^7 The main
r o u te  of e x c r e t i o n  f o r  m e thy lm ercu ry  compounds was v i a  f e c e s . *-37 
The mechanism of e x c r e t i o n  of m ercu ry  by th e  k i d n e y ’ i n t o  
u r i n e  i s  n o t  known: b o th  t u b u l a r  mechanisms and g lo m e ru la r
f i l t r a t i o n  a r e  i n v o lv e d ,  b u t  t h e  a v a i l a b l e  d a ta  a r e  c o n t r a d i c t o r y  
and do n o t  a l lo w  a d e f i n i t e  c o n c lu s io n  to  be d ra w n .*■** M e ta ls  
bound to  low m o le c u la r  w e ig h t  p r o t e i n s  such  as  m e t a l l o t h i o n e i n  
(m ol. w t .  ■ 6500) can  p a s s  th ro u g h  th e  g lo m e r u la r  membrane and 
th u s  be c l e a r e d  from b lood  plasm a i n t o  th e  t u b u l a r  f l u i d .  * - ^ 8  
M ercury i s  known to  b ind  t o  m eta llo th ione in*-^**  and i n  th e  
k id n e y ,  most m ercury  i s  found  i n  t h e  t u b u l a r  region.-*-^** T h is  
s u g g e s t s  t h a t  m e t a l l o th i o n e in - b o u n d  m ercury  i s  r e a b s o r b e d  i n  th e  
r e n a l  t u b u l e s ,  a s  i s  m e t a l l o th i o n e in - b o u n d  cadmium . * - ^ 8
What was c l e a r  from r e p o r t e d  d a ta  was t h a t  u r i n e  m ercury  i s  
an  u n r e l i a b l e  i n d e x  o f  i n d i v i d u a l  e x p o su re  to  m e rc u ry ,  e s p e c i a l l y  
o f  e x p o s u re  t o  alkylmercury.-*-** C o n c e n t r a t i o n s  of m ercu ry  i n  
u r i n e  f l u c t u a t e d  in d e p e n d e n t ly  of e x p o s u r e . Wide d i u r n a l  
and d a y - to - d a y  f l u c t u a t i o n s  have been r e p o r t e d  i n  i n d i v i d u a l s .  
A d jus tm en t  of r e s u l t s  f o r  th e  s p e c i f i c  g r a v i t y  o f  t h e  specim en  d id  
n o t  a l l e v i a t e  th e  problem.*-** No good c o r r e l a t i o n  e x i s t e d
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betw een  m ercury  l e v e l s  i n  u r i n e  and e i t h e r  m ercu ry  e x p o su re  or 
m ercu ry  p o is o n in g  symptoms on an i n d i v i d u a l  b a s i s . T h e r e  
was how ever, a p o s i t i v e  a s s o c i a t i o n  betw een m ercury  e x p o su re  and 
m ercury  c o n c e n t r a t i o n s  i n  u r i n e  on a group  ( i . e . ,  i n d u s t r i a l ,  
o c c u p a t i o n a l )  b a s i s .1 0 « 1 4 2
D e s p i te  th e  f a c t  t h a t  a n a l y s i s  of u r in e  has  o f t e n  been  used  
t o  e v a l u a t e  e x p o s u re ,  t h e r e  was v e ry  l i t t l e  d a ta  i n  th e  l i t e r a t u r e  
on "norm al"  m ercury  l e v e l s  in  a n o n - o c c u p a t i o n a l l y  exposed  
p o p u l a t i o n .  A World H e a l th  O r g a n iz a t i o n  s tu d y  of m ercury  i n  1107 
u r i n e  sam ples  c o l l e c t e d  from  a round  th e  w orld  fo u n d ^2 t h a t  79% 
o f  th e  sam ples  c o n ta in e d  < 0 .5  yg Hg/L ( a n a l y t i c a l  z e r o ) ,  and 95% 
c o n ta in e d  <20 yg Hg/L. No i n f l u e n c e  was found by a g e ,  se x  or 
r e s i d e n c e  (u rb a n  o r  r u r a l )  on m ercury  l e v e l s .  The World H e a l th  
O r g a n iz a t i o n  r e g a r d e d  20 yg Hg/L a s  an upper norm al l i m i t  f o r  
m ercu ry  in  u r i n e .  T h is  l i m i t  i s  a lm o s t  c e r t a i n l y  to o  low because  
t h e  method used  f o r  a n a l y s i s ^  ( d i t h i z o n e  e x t r a c t i o n  fo l lo w e d
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by c o ld - v a p o r  AAS) does  n o t  c o m p le te ly  e x t r a c t  Hg from  u r i n e .  
“Normal" l e v e l s  of 7-20 yg Hg/L w ere  r e p o r t e d  by C la rk s o n  and 
G r e e n w o o d , w h o  u sed  an i s o t o p e  exchange  method w hich  d id  
n o t  d e t e c t  o rganom ercury  compounds. They r e p o r t e d  t h a t  t h e i r  d a ta  
a g r e e d  w i th  a  p u b l i s h e d  r a n g e  of 10-50  yg Hg/L i n  norm al u r i n e .
2 . A n a l y t i c a l  P rob lem s i n  t h e  D e te r m in a t io n  o f  M ercury i n  
U r ine
U rin e  i s  a v e ry  complex sam p le .  I t  c o n t a i n s  a  wide 
v a r i e t y  of i n o r g a n i c  io n s  i n  v a r i o u s  c o n c e n t r a t i o n s ,  Na+ , K+
92
and C l“  b e in g  th e  most a b u n d a n t* 145 ,146  u r i n e  a l s o  c o n ta in e d  
s i g n i f i c a n t  amounts o f  o r g a n ic  compounds such  as  u r e a ,  u r i c  a c id  
and c r e a t i n i n e *  The c o n c e n t r a t i o n s  of t h e s e  com ponents  change 
w i t h  th e  i n d i v i d u a l  and w i t h  f l u i d  i n t a k e .  Some o f  t h e  c o n s t i ­
t u e n t s  o f  norm al a d u l t  u r i n e  a r e  l i s t e d  i n  T a b le  7.
M ercury  c o n c e n t r a t i o n s  i n  u r i n e  a r e  v e ry  low (ppm or  l e s s )  
and th e  c h e m ic a l  forms o f  m ercu ry  i n  u r i n e  a r e  no t known. The 
h ig h  s a l t  c o n c e n t r a t i o n s  and v a r i a b l e  c o n c e n t r a t i o n s  o f  o r g a n ic s  
can c a u se  s e r i o u s  m a t r ix  e f f e c t s  i n  a n a l y s i s .  In  p a r t i c u l a r ,  
c h l o r i n e  compounds and many of t h e  o r g a n i c s  e x h i b i t  m o le c u la r  
a b s o r p t i o n  a t  th e  m ercury  r e s o n a n c e  l i n e s ,  1 8 4 .9  and 273 .7  nm, i n  
a to m ic  a b s o r p t i o n  a n a l y s i s .  A ls o ,  Co i s  a d i r e c t  s p e c t r a l  i n t e r -  
f e r e n t  a t  253 .7  nm. Most a n a l y t i c a l  m ethods r e q u i r e  p r e l i m i n a r y  
wet a c i d  d i g e s t i o n  o f  u r i n d ,  which can  r e s u l t  i n  l o s s  of m ercury  
th r o u g h  v o l a t i l i z a t i o n  o r  c o n ta m in a t io n  from added r e a g e n t s .
B a c t e r i a l  a c t i o n  i n  s t o r e d  u r i n e  sam ples  h as  been  s h o w n ^ ^  
t o  enhance  th e  v o l a t i l i t y  o f  m ercu ry  i n  u r i n e .  More m ercury  was 
l o s t  on a d d i t i o n  of c o n c e n t r a t e d  H2 SO4  t o  aged u r i n e  s p e c i ­
mens th a n  t o  f r e s h  sp e c im e n s .  T h is  phenomenon was n o t  o b s e rv e d  i n  
u r i n e  spec im ens  which were t r e a t e d  w i th  b a c t e r i c i d e s  and th e n  
a g e d .  I t  i s  w ell-know n t h a t  b a c t e r i a  can  red u c e  Hg^+ and 
Hg+ t o  Hg° and can  m e th y la te  Hg^+j Hg^+ and Hg° t o  form 
m eth y lm e rc u ry  c a t i o n  and d im e th y lm e r c u r y .2 ,1 4 8  Hg<> atl(j a i k y i  
m ercu ry  compounds a r e  more v o l a t i l e  th a n  i n o r g a n i c  m ercury  
compounds. I n  a d d i t i o n ,  ch an g es  i n  th e  c h e m ic a l  form  of m ercury
Table 7
S e l e c t e d  C o n s t i t u e n t s  o f  Normal A d u l t  U r ine
C o n s t i t u e n t Amount E x c re te d /D a y
S o l id s 6 0 .2 g
W ater 1400 g
C alc ium 231 mg
C h lo r id e 7 g
C o b a l t 0 .0 0 5 mg
Copper 1 .5 4 mg
Magnesium 9 4 .5 mg
M ercury 0 .7 V*g
P h o s p h o ru s ,  i n o r g a n i c 840 mg
o r g a n i c 9 .1 mg
P o ta ss iu m 2 .3 8 g
S elen ium 35 Pg
Sodium 4 .2 g
S u l f u r ,  t o t a l 1 . 1 2 g
Z inc 1 .2 6 mg
Ammonia 0 .7 g N
B ic a rb o n a te ' 140 mg
P r o t e i n ,  t o t a l 2 -70 mg
C r e a t i n i n e . 3 - .  8 g N
C y s t i n e ,  t o t a l 119 mg
M e th io n in e ,  t o t a l 9 .8 mg
S -m e th y l  c y s t e i n e 1 .4 7 mg
Urea 6 -1 8 g N
V itam in  B 0 .0 3 Pg
Normal pH "  5 .5  -  5 .6
Normal 24 ho u r  volume = 600 -  2500 mL
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i n  u r i n e  may c au se  i t  t o  go u n d e te c te d  by some a n a l y t i c a l  
p ro c e d u re s*  For ex am ple ,  th e  e l e c t r o n  c a p tu r e  d e t e c t o r  commonly 
used  f o r  GC a n a l y s i s  of o rganom ercu ry  h a l i d e s  does  n o t  re sp o n d  to  
d lm e th y lm e rc u ry .
3. Common Methods f o r  t h e  D e te rm in a t io n  o f  M ercury i n  U rine  
A wide v a r i e t y  o f  a n a l y t i c a l  m ethods has been employed in  
t h e  d e t e r m i n a t i o n  o f  m ercu ry  i n  u r i n e .  Of h i s t o r i c a l  i n t e r e s t  a re  
a r e  th e  R e in sc h  te s t -* - ^  a n d th e  m ic r o m e tr i c  m e t h o d . - ^ 0  Both 
in v o lv e d  p l a t i n g  m ercury  o u t  o f  u r in e  o n to  a copper  w i r e .  I n  the  
f i r s t  c a s e ,  t h e  m ercu ry  was d e te rm in e d  g r a v i m e t r l c a l l y ;  i n  th e  
second  c a s e ,  t h e  m ercury  was d i s t i l l e d  o f f  th e  w ire  i n t o  a 
c a p i l l a r y  and th e  d ia m e te r  of th e  m ercury  d rop  m easu red .
Up u n t i l  t h e  l a t e  1 9 6 0 's ,  th e  recommended method f o r  d e t e r ­
m in a t io n  was d l t h l z o n e  e x t r a c t i o n  and s p e c t r o p h o to m e t r i c  m easu re ­
ment o f  t h e  m e r c u r y - d i t h i z o n e  c o m p le x .147 ,1 5 1 -1 5 3  A t y p i c a l  
d i t h i z o n e  d e t e r m i n a t i o n  r e q u i r e d  d i g e s t i o n  of th e  u r in e  w ith  
H^SO^/HNO^ o r  ^SO^/KMnC^ u n d e r  r e f l u x  w i th  a t r a p  f o r  
th e  d i s t i l l a t e .  M ercury  was e x t r a c t e d  by s h a k in g  w i th  d i t h i z o n e  
i n  CCl^ o r  CHCI3 . M u l t i p l e  e x t r a c t i o n s  were o f t e n  p e r ­
fo rm ed . To remove o t h e r  m e ta l s  which may have been  e x t r a c t e d ,  th e  
m e r c u r y - d i t h i z o n a t e  was d e s t r o y e d  and th e  m ercury  b a c k - e x t r a c t e d  
i n t o  aqueous  t h l o s u l f a t e .  I n t e r f e r i n g  compounds such  as 
C u - d i t h i z o n a t e  d id  n o t  p a r t i t i o n  i n t o  th e  t h l o s u l f a t e  s o l u t i o n .
The aqueous  phase  was t h e n  r e o x l d i z e d  and r e - e x t r a c t e d  w i th  
d i t h i z o n e .  The c o l o r  o f  t h e  m e r c u r y - d i th i z o n e  complex was
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m easured  im m ed ia te ly  be c au se  t h e  c o lo r  changed r a p i d l y .  The 
d i t h i z o n e  method was cumbersome, t e d i o u s ,  l e n g t h y  and n o t  v e ry  
s e n s i t i v e  ( d e t e c t i o n  l i m i t  ■ 0 .5  pg H g). The e x t r a c t i o n  of 
m ercu ry  by d i t h i z o n e  has  been shown to  be in c o m p le te  under  c e r t a i n  
d i g e s t i o n  c o n d i t i o n s . * - ^  c o p p e r ,  which i s  p r e s e n t  i n  u r i n e  a t  
much h ig h e r  l e v e l s  th a n  m erc u ry ,  i n t e r f e r e s  i n  th e  d e t e r m i n a t i o n  
and has  to  be e l i m i n a t e d .
Polarography*-*^ and X -ray  f l u o r e s c e n c e * ^  have been 
u sed  t o  d e te rm in e  m ercury  i n  u r i n e .  Atomic e m is s io n  s p e c t r o s c o p y  
has  been em ployed , w i th  a m o d if ie d  R e in sc h  te c h n iq u e  to  c o l l e c t  
t h e  m ercury  i n  a s u i t a b l e  f o rm .* -^  The p ro c e d u re  c a l l e d  f o r  
d i g e s t i o n  o f  t h e  u r i n e  w i th  HNO3 /H 2 SO4  u n d e r  r e f l u x  and 
f i l t r a t i o n  o f  th e  d i g e s t e d  s o l u t i o n  th ro u g h  a column packed w i th  
copper  d u s t .  The m ercury  am algam ated w i t h  th e  copper  d u s t ,  bu t 
t h e  f i l t r a t i o n  had t o  be pe rfo rm ed  s lo w ly  t o  a l lo w  q u a n t i t a t i v e  
e x t r a c t i o n .  Each f i l t r a t i o n  r e q u i r e d  a b o u t  1 h o u r .  The co p p e r  
d u s t  was packed i n t o  a c a rb o n  e l e c t r o d e  and a r c e d  i n  an e m is s io n  
s p e c t r o g r a p h .  T here  were s e v e r a l  p rob lem s w i th  t h e  use  of a tom ic  
e m is s io n  f o r  m ercu ry  d e t e r m i n a t i o n s .  The amount of sample 
v a p o r iz e d  i n t o  th e  a r c  d i s c h a r g e  v a r i e d  from  one sample to  th e  
n e x t  b e c au se  o f  d i f f e r e n c e s  i n  p h y s i c a l  p a c k in g  and th e  s i z e  of 
p a r t i c l e s  packed i n t o  t h e  e l e c t r o d e . *--*2 T h is  problem  u s u a l l y  
was overcome by u s in g  an  i n t e r n a l  s t a n d a r d  e le m en t  w i th  th e  same 
v a p o r i z a t i o n  c h a r a c t e r i s t i c s  a s  t h e  e le m en t  t o  be d e te r m in e d .  * ^ 2  
M ercury was so  v o l a t i l e  t h a t  t h e r e  was no s u i t a b l e  e le m en t  to
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s e rv e  a s  an i n t e r n a l  s ta n d a rd *  A nother  problem  a r o s e  from the  
v o l a t i l i t y  o f  m erc u ry :  no p re b u rn  t im e  can  be u s e d .  Vhen a
sam ple was i n t r o d u c e d  i n t o  an  e l e c t r i c a l  d i s c h a r g e ,  th e  i n t e n s i t y  
o f e m is s io n  was e r r a t i c  and d i f f i c u l t  to  c o n t r o l . ^ 2  j f  
a c c u r a t e  r e s u l t s  were d e s i r e d ,  t h e  e m is s io n  was n o t  r e c o r d e d  f o r  a 
s h o r t  p e r io d  of t im e  ( t h e  p re b u rn  t im e )  u n t i l  th e  s i g n a l  became 
s t e a d y . 132 M ercury was to o  v o l a t i l e  t o  i n c o r p o r a t e  a p re b u rn  
tim e i n t o  th e  a n a ly s i s *  Both th e  l a c k  of p re b u rn  t im e  and th e  
l a c k  o f  an  i n t e r n a l  s t a n d a r d  s e v e r e ly  l i m i t e d  th e  a c c u r a c y  of 
m ercury  d e t e r m i n a t i o n  by a to m ic  e m is s io n .
C la rk s o n  and G r e e n w o o d u s e d  an  i s o t o p e  exchange  method 
t o  d e te rm in e  m ercury  i n  u r i n e .  T r a c e r  q u a n t i t i e s  o f  203jjg 
were added  t o  u n d i g e s t e d  sam ples  and were e q u i l i b r a t e d  w i th  s t a b l e  
200Hg vapo r  p a s se d  th ro u g h  th e  sam ple . Rapid  i s o t o p e  exchange 
was r e p o r t e d  t o  o c c u r .  The e q u i l i b r a t e d  m ercury  v a p o r  was 
c o l l e c t e d  on a tu b e  of a c t i v a t e d  H o p c a l l t e  l o c a t e d  i n  th e  w e l l  of 
a gamma c o u n t e r .  The i n c r e a s i n g  a c t i v i t y  was re c o rd e d  and th e  
h a l f - t i m e  of exchange was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  m ercury  
c o n c e n t r a t i o n  i n  th e  sam p le .  The d e t e r m i n a t i o n  was s u i t a b l e  f o r  
Hg l e v e l s  >10 ppb , b u t  o r g a n ic  m ercury  compounds were not 
d e te rm in e d  by t h i s  m ethod.
The most common method i n  c u r r e n t  use  f o r  u r in e  m ercury  
d e t e r m i n a t i o n s  was a to m ic  a b s o r p t i o n  s p e c t r o s c o p y .  A few f la ra e -  
AAS p r o c e d u r e s  have been  r e p o r t e d  but most d e t e r m i n a t i o n s  used  
some v a r i a t i o n  o f  t h e  c o ld - v a p o r  t e c h n iq u e .
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A flame-AAS t e c h n iq u e  was r e p o r t e d  by B erm a n ^  a n d i s  d i s t r i ­
b u te d  by F e rk ln -G lm e r  In  t h e i r  AAS Methods Manual* U r ine  was 
t r e a t e d  w i th  t r i c h l o r o a c e t i c  a c id  (TCA) t o  p r e c i p i t a t e  th e  
p r o t e i n .  The m ercury  re m a in in g  in  th e  s u p e r n a t a n t  was e x t r a c t e d  
w i th  ammonium p y r r o l i d i n e  d i th i o c a r b a m a t e  (APDC) i n t o  m e th y l -  
i s o b u t y l  k e to n e  (MIBK) a f t e r  a d ju s tm e n t  of th e  pH t o  2 . 8 - 3 . 5 .  The
MIBK l a y e r  was a s p i r a t e d  i n t o  an  o x i d i z i n g  flam e and a to m ic
a b s o r p t i o n  of th e  m ercury  re s o n a n c e  l i n e  a t  2 5 3 .7  nm was m easu red . 
A s e n s i t i v i t y  o f  0 .0 1  ppm was r e p o r t e d .  A v a r i a t i o n  o f  t h i s  
p ro c e d u re  was r e p o r te d -^ 7  which th e  APDC-MIBK e x t r a c t  was 
p l a c e d  i n  a t a n t a lu m  b o a t .  The t a n ta lu m  boa t  was s lo w ly  pushed 
i n t o  th e  f la m e :  t h e  a d v a n ta g e  of t h i s  t e c h n iq u e  was t h a t  most of
t h e  s o lv e n t  e v a p o ra te d  b e fo r e  t h e  sample e n t e r e d  th e  f la m e ,
r e d u c in g  m o le c u la r  background a b s o r p t i o n .  There  were two m ajor  
p rob lem s w i th  th e  use o f  a TCA p r e c i p i t a t i o n  s t e p .  F i r s t ,  any 
p r o te i n - b o u n d  m ercury  i n  t h e  u r i n e  sample was p r e c i p i t a t e d  and n o t  
m ea su red .  M ercury was known t o  have a g r e a t  a f f i n i t y  f o r  
s u l f h y d r y l  and n i t r o g e n - c o n t a i n i n g  g r o u p s ,  so t h e r e  was a v e ry  
good chance  t h a t  some m ercury  i n  u r in e  was p r o t e i n - b o u n d .  In  
a d d i t i o n ,  work by S c h u l e r t  e t  al.^-*® showed t h a t  ab o u t  75% o f  
added  i n o r g a n i c  r a d i o t r a c e r  m ercury  n e v e r  l e f t  t h e  I n i t i a l  TCA 
p r e c i p i t a t e  and t h a t  on ly  2 - 1 0 % o f  t h e  added i n o r g a n i c  m ercury  was 
r e c o v e r e d .
Numerous v a r i a t i o n s  o f  t h e  c o ld  vapor-AAS method have been 
u se d  t o  d e te rm in e  m ercury  i n  u r i n e .  Lidums and U l f v a r s o n ^ ®
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u sed  oxygen co m b u s t io n  t o  d e s t r o y  th e  u r in e  m a t r ix .  The r e s u l t i n g  
m ercu ry  v a p o r  was t r a p p e d  on g o ld  and th e n  r e l e a s e d  I n t o  a q u a r t z  
a b s o r p t i o n  c e l l  by h e a t .  A b s o r p t io n  was m easured  a t  253 .7  nm. A 
s e n s i t i v i t y  of 1 ppb was r e p o r t e d .  R a t h j e ^ O  added 5 mL c o n c .
HNO3  t o  2 mL u r i n e  and a l lo w e d  i t  to  s ta n d  f o r  5 m in u te s  a t  
room t e m p e r a t u r e .  S tan n o u s  c h l o r i d e  was added to  r e d u c e  th e  
m ercu ry  and th e  s o l u t i o n  a e r a t e d  to  sweep th e  m ercury  v a p o r  i n t o  a 
q u a r t z  a b s o r p t i o n  c e l l .  A d e t e c t i o n  l i m i t  o f  3 ppb was c la im e d .
Gage and W a r r e n ^ l  uged d i f f e r e n t  r e d u c in g  c o n d i t i o n s  to  
m easu re  s e l e c t i v e l y  i n o r g a n i c  m ercury  and t o t a l  m ercu ry .  T o t a l  
m ercu ry  was r e l e a s e d  by th e  a d d i t i o n  of s ta n n o u s  c h l o r i d e  to  an 
a c i d i f i e d  u r i n e  sam ple t o  which c y s t e i n e  had been a d d e d .  Only 
i n o r g a n i c  m ercu ry  was r e l e a s e d  unde r  a l k a l i n e  r e d u c in g  c o n d i t i o n s .
Kudsk1 ^ 3  u s e d  wet o x i d a t i o n  of u r in e  and ,e x t r a c t i o n  of 
m ercu ry  a s  th e  d i t h i z o n a t e  b e fo r e  d e t e r m i n a t i o n  by CV-AAS. He 
n o te d  prob lem s w i th  in c o m p le te  e x t r a c t i o n  o f  m ercu ry  unde r  o x id a ­
t i o n  c o n d i t i o n s  w hich d id  no t d e s t r o y  a l l  o f  t h e  o r g a n ic  m a t e r i a l  
i n  t h e  sa m p le s .  A d e t e c t i o n  l i m i t  of 0 .0 2  pg was r e p o r t e d .
S p e c i a t i o n  o f  o r g a n o m e r c u r ia l s  i n  u r in e  has  been  pe rfo rm ed  by 
GC w i th  an  EC d e t e c t o r  a f t e r  e x t r a c t i o n  of m ercu ry  w i th  b en zen e .  
Cappon and S m ith ^ ^ l  d e t e c t e d  b o th  i n o r g a n i c  and o r g a n ic  
m ercu ry  by GC-ECD. The o r g a n o m e rc u r ia l s  were e x t r a c t e d  from  u r i n e  
w i th  b e n z en e .  The i n o r g a n i c  m ercury  l e f t  beh ind  i n  th e  aqueous 
p h a se  was m e th y la te d  w i th  t e t r a m e t h y l  t i n  and th e n  e x t r a c t e d  i n t o  
b e n z en e .  The two benzene e x t r a c t s  were b a c k - e x t r a c t e d  w i th
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t h l o s u l f a t e  and th e  o rganom ercury  compounds I s o l a t e d  as  th e  
brom ide d e r i v a t i v e s , RHgBr (R -  a l k y l ,  a r y l  s u b s t i t u e n t ) .  Both 
e x t r a c t s  were ch ro m a to g ra p h ed .  A d e t e c t i o n  l i m i t  o f  1 ppb was 
c la im e d .  The a c c u r a c y  of th e  p r o c e d u re  was checked  by m easurem ent 
o f  r a d i o t r a c e r  s p ik e d  sam ples  by l i q u i d  s c i n t i l l a t i o n  s p e c t r o ­
m e t ry .  T o ta l  m ercury  r e c o v e r y  v a r i e d  from 7 5 -9 0 % .
4. Need f o r  an  Improved A n a l y t i c a l  P ro c ed u re
I t  can be se en  t h a t  a l l  t h e  r e p o r t e d  methods f o r  the  
d e t e r m i n a t i o n  o f  m ercu ry  i n  u r in e  have s i g n i f i c a n t  d i s a d v a n t a g e s .  
The method d e v e lo p e d  f o r  th e  d i r e c t  a n a l y s i s  of m ercury  i n  w a te r  
c o u ld  be a p p l i e d  e a s i l y  and e f f e c t i v e l y  to  th e  d i r e c t  d e te r m in a ­
t i o n  o f  m ercu ry  in  u r i n e .  T h is  t e c h n iq u e  e l i m i n a t e d  b o th  p o s i t i v e  
e r r o r s  due to  added r e a g e n t s  and n e g a t i v e  e r r o r s  i n h e r e n t  i n  
e x t r a c t i o n  p r o c e d u r e s .
T h is  c h a p te r  d e s c r i b e s  th e  a p p l i c a t i o n  of t h e  ca rb o n  d i s k  
t e c h n iq u e  and d i r e c t  i n j e c t i o n  o n to  th e  c a rb o n  bed to  u r in e  
s a m p le s .
B. EXPERIMENTAL
1 .  Equipment
The equ ipm en t used  i n  th e  a n a l y s i s  of u r in e  sam ples  was 
i d e n t i c a l  to  t h a t  d e s c r i b e d  i n  C h a p te r  1. Both th e  253 .7  nm and
1 8 4 .9  nm re s o n a n c e  l i n e s  were u s e d ;  o p e r a t i n g  c o n d i t i o n s  were th e  
same a s  t h o s e  p r e v i o u s ly  em ployed .
2. P ro c e d u re
a .  Sam pling  T e chn iques
Spot u r i n e  sam p les  were c o l l e c t e d  a t  random from
1 0 0
I n d i v i d u a l s  who were n o t  o c c u p a t io n a l ly - e x p o s e d  t o  m erc u ry .  A l l  
s u b j e c t s  sam pled  were members o f  th e  u n i v e r s i t y  p o p u l a t i o n .  Two 
s u b j e c t s  were s tu d i e d  ove r  a p e r io d  of e i g h t  m onths: e a ch  of
t h e i r  u r in e  spec im ens  was c o l l e c t e d  f o l lo w in g  a p e r io d  of e x e r c i s e  
and a s a u n a .  Samples were c o l l e c t e d  i n  p o ly e th y le n e  v i a l s  which 
were c le a n e d  p r e v i o u s l y  i n  HNO3  and r i n s e d  w e l l  w i th  d i s t i l l e d  
d e io n i z e d  w a t e r .  A l l  sam p les  were a n a ly z e d  w i t h i n  t h r e e  h o u rs  of 
c o l l e c t i o n .  The a v e ra g e  volume of u r in e  c o l l e c t e d  was 5 mL.
b . D e te rm in a t io n  o f  Hg i n  U rine
U rine  sam ples  were in t r o d u c e d  i n t o  th e  a to m iz e r  in  two 
w ays, on a c a rb o n  d i s k  o r  by d i r e c t  i n j e c t i o n .  The ca rb o n  d i s k  
t e c h n i q u e  c o n s i s t e d  o f  p l a c i n g  one m i c r o l i t e r  of u r i n e  on a 
c l e a n e d  c a rb o n  d i s k  u s in g  a H a m il to n  m i c r o l i t e r  s y r i n g e .  The d i s k  
was d ropped  o n to  t h e  h e a te d  c a rb o n  bed where d e c o m p o s i t io n  and 
a t o m i z a t i o n  o c c u r r e d .  D i r e c t  i n j e c t i o n  of 1 or 2 m i c r o l i t e r s  of 
sample o n to  th e  h e a te d  c a rb o n  bed was a l s o  u s e d .  The m o d if ie d  
Drummond m i c r o p i p e t t e  was used  f o r  sample i n j e c t i o n .
A b s o rp t io n  m easu rem en ts  were made a t  th e  m ercu ry  re s o n a n c e  
l i n e s  a t  253 .7  nm o r  18 4 .9  nm w h i le  background a b s o r p t i o n  was 
m easu red  w i th  a d e u te r iu m  lamp a t  t h e  same w a v e le n g th s .  The b lan k  
a b s o rb a n c e  by ca rb o n  d i s k s  was m easured  and s u b t r a c t e d  when 
n e c e s s a r y  from  th e  sam ple a b s o rb a n c e .
c .  C a l i b r a t i o n  P ro c e d u re
C a l i b r a t i o n  c u rv e s  were e s t a b l i s h e d  by m e a su r in g  th e  
a b s o r p t i o n  o f  aqueous HgCl2  s t a n d a r d s .  The s t a n d a r d s  were
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I n t r o d u c e d  i n t o  th e  a to m iz e r  In  t h e  same manner as  th e  s a m p le s ,  
e i t h e r  on a ca rb o n  d i s k  o r  I n j e c t e d  d i r e c t l y .  The s t a n d a r d  
a d d i t i o n  method was u sed  to  check  f o r  m a t r ix  e f f e c t s  from th e  
u r i n e .  To p r e p a r e  th e  s t a n d a r d  a d d i t i o n s ,  1 -1 0  m i c r o l i t e r  amounts 
o f  a 1 0 0  ppm aqueous m ercury  ( a s  H g C ^ )  s t a n d a r d  were added to
0 .5  mL a l i q u o t s  o f  u r i n e .  The s lo p e s  of th e  aqueous c a l i b r a t i o n  
c u rv e  and th e  s ta n d a r d  a d d i t i o n  c a l i b r a t i o n  c u rv e s  were e q u a l ,  as  
can  be se en  i n  F ig u re  21. A ls o ,  s t a n d a r d  a d d i t i o n  c u rv e s  p re p a re d  
from  u r i n e  of d i f f e r e n t  s u b j e c t s  were e q u a l  i n  s lo p e .  T h e r e f o r e ,  
no m a t r ix  e f f e c t  was e v id e n t  and s u b s e q u e n t  sample a b s o rb a n c e  was 
compared to  aqueous c a l i b r a t i o n  c u r v e s .  C a l i b r a t i o n  s t a n d a r d s  
were i n t r o d u c e d  i n t o  th e  a to m iz e r  In  th e  same manner as  sam ples  
were i n t r o d u c e d ,  by d i r e c t  i n j e c t i o n  o r  by ca rb o n  d i s k  i n j e c t i o n .  
T y p ic a l  a b s o r p t i o n  s i g n a l s  from  s t a n d a r d s  and sam ples  a re  
p r e s e n t e d  i n  F ig u r e s  2 2 -24 . As can be s e e n ,  a h i g h e r ,  n a rro w e r  
a b s o r p t i o n  peak was g e n e r a te d  by d i r e c t  i n j e c t i o n  t h a n  by ca rb o n  
d i s k  i n j e c t i o n .  T h is  i s  b e l i e v e d  to  be due to  th e  s lo w e r  h e a t i n g  
o f  t h e  sample on th e  c a rb o n  d i s k  and to  th e  ten d e n c y  o f  th e  sam ple 
t o  soak  i n t o  th e  ca rb o n  d i s k .  Time w aB  r e q u i r e d  f o r  th e  sample t o  
d i f f u s e  back ou t of th e  d i s k .  T h e r e f o r e  i t  was n e c e s s a r y  t o  
p e r fo rm  s ta n d a r d  and sample a n a l y s i s  u s in g  th e  same i n j e c t i o n  
t e c h n i q u e .
I t  can  a l s o  be s e e n  t h a t  no m o le c u la r  background a b s o r p t i o n  
o c c u r r e d  a t  253 .7  nm ( F ig u r e  23 and 24) w h i le  m o le c u la r  background 
s i g n a l s  o f  10-20% a b s o r p t i o n  were r e c o rd e d  a t  184 .9  nm (F ig u re
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2 2 ) .  For t h i s  r e a s o n ,  a l l  a n a ly s e s  were c a r r i e d  o u t  a t  25 3 .7  nm.
The p r e c i s i o n  o f  th e  method was c a l c u l a t e d  by m u l t i p l e  
a n a l y s e s  of a 2 ppm aqueous Hg s t a n d a r d .  The r e l a t i v e  s t a n d a r d  
d e v i a t i o n  a t  t h i s  c o n c e n t r a t i o n  was c a l c u l a t e d  to  be 16%. The 
p r e c i s i o n  of th e  u r i n e  a n a l y s i s  i s  d i s c u s s e d  l a t e r  I n  t h i s  
c h a p t e r .
The s e n s i t i v i t y  o f  th e  m ethod , d e f i n e d  as  th e  amount of Hg 
e q u a l  to  1% a b s o r p t i o n ,  was 1 .0  x  10” 10 g Hg a t  253 .7  nm.
C. RESULTS
1. C o n c e n t r a t i o n  Range f o r  M ercury  i n  U r ine  o f  a ' 'Normal"
P o p u l a t i o n
Random u r i n e  sam ples  were a n a ly z e d  from a number of 
n o n - o c c u p a t i o n a l l y  exposed  i n d i v i d u a l s .  The r e s u l t s  of th e  
a n a l y s i s  a r e  p r e s e n t e d  i n  T a b le  8 . For 23 s u b j e c t s ,  th e  mean 
c o n c e n t r a t i o n  of m ercu ry  i n  u r i n e  was 1 .3  ppm. For f e m a le s ,  th e  
mean v a lu e  was 1 .5  ppm Hg and f o r  m a le s ,  1 .2  ppm Hg. The m ercury  
c o n c e n t r a t i o n s  ran g ed  from  0 (none  d e t e c t e d )  t o  3 .7  ppm. F ig u re  
25 i l l u s t r a t e s  th e  d i s t r i b u t i o n  of t h e  m ercury  c o n c e n t r a t i o n s  
fo u n d .  To c o n s t r u c t  t h i s  c u r v e ,  m erc u ry  c o n c e n t r a t i o n s  were 
rounded  t o  th e  n e a r e s t  0 .5  ppm. T here  was no s i g n i f i c a n t  
d i f f e r e n c e  betw een th e  m ercu ry  c o n c e n t r a t i o n s  i n  m ales  and 
f e m a le s .
2. P r e c i s i o n  o f  th e  Method
R e p e t i t i v e  a n a l y s i s  o f  a s i n g l e  u r i n e  sample was pe rfo rm ed  
t o  o b t a i n  a m easure of th e  p r e c i s i o n  of th e  t e c h n i q u e .  The d a ta
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Table 8
C o n c e n t r a t i o n  of Hg In  U r ine  o f  Normal A d u l t s
Female Male
ppm Hg ppm Hg
3 .7 2 .3
1 .3 2 . 6
1 . 2 0 . 6
2 .9 N.D.
0 . 8 0 .9
1 . 6 0 . 8
1 . 2 1 . 0
0 . 6 1 .4
1 . 0 1 . 0
1 . 0 0 . 1
1 . 0 2 . 0
1 .5 2 . 0
n = 1 2 n ** 1 1
x -  1 .5 x ** 1 . 2
a  “  0 .9 cr = 0 . 8
2 -  0 .7 a 2  “ 0 . 7
O v e r a l l
n  = 23 
x  = 1 .3  
o = 0 .9  
a 2  = 0 .7



























CONCENTRATION of Hg in URINE ( p p m )
FIGURE 2 5 : DISTRIBUTION OF MERCURY CONCENTRATIONS IN RANDOM URINE SAMPLES FOR A NON-OCCUPATIONALLY 
EXPOSED POPULATION. CONCENTRATIONS WERE ROUNDED TO THE NEAREST 0 .5  ppm Hr .
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c o l l e c t e d  a r e  p r e s e n te d  i n  T a b le  9 .  One u r i n e  sample was a n a ly z e d  
by d i r e c t  i n j e c t i o n  and one by c a rb o n  d i s k  i n j e c t i o n .  The 
r e l a t i v e  s t a n d a r d  d e v i a t i o n s  were 30% and 25% r e s p e c t i v e l y .
3 .  V a r i a t i o n s  i n  C o n c e n t r a t i o n  o f  M ercury i n  U r in e  o f  an  
I n d i v i d u a l
The u r i n e  o f  two male s u b j e c t s  was a n a ly z e d  r e g u l a r l y  f o r  
a p e r io d  o f  e i g h t  m onths . Wide d a y - to - d a y  f l u c t u a t i o n s  in  m ercury  
c o n c e n t r a t i o n  were fo u n d ,  in  ag reem en t  w i th  d a ta  r e p o r t e d  i n  th e  
l i t e r a t u r e .  The d a ta  ac cu m u la te d  a r e  p r e s e n t e d  i n  T a b le  10 and 
th e  d i s t r i b u t i o n  o f  t h e s e  v a lu e s  i s  i l l u s t r a t e d  i n  F ig u re  26.
The mean c o n c e n t r a t i o n  f o r  S u b je c t  1 was 0 .9  +  0 .8  ppm Hg and
f o r  S u b je c t  2 was 0 .8  +  0 .6  ppm Hg. I t  must be em phasized  t h a t
t h e  " s t a n d a r d  d e v i a t i o n s "  c a l c u l a t e d  f o r  t h e s e  d a ta  a r e  no t an  
i n d i c a t i o n  of p r e c i s i o n  o f  t h e  m ethod , b u t  r a t h e r  an  i n d i c a t i o n  of 
t h e  amount of v a r i a t i o n  i n  u r in e  m ercury  c o n c e n t r a t i o n s  f o r  each
I n d i v i d u a l  on a d a y - t o - d a y  b a s i s .  Each sam ple a n a ly z e d  and
r e p o r t e d  i n  T ab le  10 was u n iq u e .  The v a r i a t i o n s  i n  m ercury  
c o n c e n t r a t i o n  among t h e s e  sam ples  were no t due t o  random e r r o r ,  
b u t  t o  r e a l  d i f f e r e n c e s  among th e  s p e c im en s .  The " s t a n d a r d  
d e v i a t i o n "  s e r v e s  o n ly  a s  a n u m e r ic a l  i n d i c a t o r  of th e  d i s t r i b u ­
t i o n  o f  t h e  u r i n e  m ercury  v a lu e s  w i t h in  t h e  o b se rv e d  r a n g e .
4 .  Changes i n  C o n c e n t r a t i o n s  o f  M ercury  i n  U r ine  on S to ra g e  
A number of u r i n e  sam ples  were k e p t  f o r  p e r i o d s  o f  up to
f i v e  days  from th e  t im e  o f  c o l l e c t i o n  to  see  th e  e f f e c t  o f  s t o r a g e
1 1 0
U rin e  A 
A l iq u o t  #
T a b le  9
S h o r t  Term P r e c i s i o n  of U r in e  A n a ly s i s  
2 iiL D i r e c t  I n j e c t i o n ,  2 5 3 .7  nm
% A b s o r p t io n  A bsorbance  ppm Hg
1 8 .5 0 .0386 1 .9
2 8 .5 0 .0386 1 .9
3 4 .0 0 .0177 0 . 8
4 6 . 8 0 .0 3 0 6 1 .5  n °  1 0
5 6 . 0 0.0269 1 .3  x = 1 . 3  ppm
6 5 .2 0 .0 2 3 2 1 . 1  a = 0 .4
7 4 .0 0 .0177 0 . 8  a 2 = 0 .1 3
8 5 .5 0 .0246 1 .2  R .S .D . -  + 30%
9 5 .5 0 .0246 1 . 2
1 0 5 .0 0 .0223 1 . 1
1 ML on Carbon  D is k ,  253. 7 nm
U rine  B
A l iq u o t  # X  A b s o r p t io n A bsorbance ppm Hg
1 6 . 0 0.0269 2 * 1
2 7 .0 0 .0 3 1 5 2 .4
3 5 .0 0 .0 2 2 3 1 .7
4 3 .2 0 .0 1 4 1 1 . 1  n  -  1 0
5 7 .5 0 .0 3 3 9 2 . 6  x ■ 2 . 0  ppm
6 7 .0 0 .0 3 1 5 2 .4  o -  0 .5
7 4 .5 0 .0195 1 .5  a 2  -  0 .2 5
8 4 .5 0 .0195 1 .5  R .S .D . -  +  25%
9 7 .3 0 .0329 2 .5
1 0 7 .0 0 .0 3 1 5 2 .4
Ill
Table 10
D a i ly  V a r i a t i o n s  i n  t h e  C o n c e n t r a t i o n  o f  Hg i n  U r ine
ppm Hg i n  U r ine
D ate  S u b je c t  1 S u b je c t  2
1 0 /1 4 /8 1  1 .3  0 .4
1 0 /2 0 /8 1  1 . 0
1 0 /3 0 /8 1  0 .5
1 1 /0 4 /8 1  0 .5
1 1 /1 8 /8 1  3 .3
1 1 /3 0 /8 1  2 .3
0 1 /2 0 /8 2  1 .5  1 .7
0 1 /2 7 /8 2  0 .3  0 .1
0 1 /2 9 /8 2  1 .6  2 .5
0 2 /0 1 /8 2  0 .3  0 .2
0 2 /1 0 /8 2  1 .3  0 .8
0 2 /1 5 /8 2  0 .6  0 .5
0 3 /0 3 /8 2  0 .3  1 .5
0 3 /0 5 /8 2  0 .5  1 .1
0 3 /1 0 /8 2  0 .4  N.D.
0 3 /1 7 /8 2  0 .3  1 .5
0 3 /2 2 /8 2  0 .4  1 .0
0 3 /2 4 /8 2  1 .4  0 .5
0 3 /2 9 /8 2  0 .5  0 .7
0 3 /3 1 /8 2  0 .3
0 4 /0 2 /8 2  0 .1
0 4 /0 5 /8 2  0 .3
0 4 /1 9 /8 2  1 . 6
0 5 /1 0 /8 2  0 .4
0 5 /2 4 /8 2  0 .4
0 6 /0 2 /8 2    0 .5
n ■ 2 0  n  = 2 0
x  ■ 0 .9  ppm x  ™ 0 . 8  ppm
N.D. ■ none d e t e c t e d  (< 0 .0 5  ppm Hg)
I 2 n
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CONCENTRATION of Hg In URINE ( p p m )
FIGURE 2 6 :  DISTRIBUTION OF MERCURY CONCENTRATIONS IN URINE FOR TOO SUBJECTS. THE RANGE OF CONCENTRATIONS 
COVERED BY THESE DISTRIBUTIONS INDICATED THE HIDE INDIVIDUAL VARIATIONS IN MERCURY LEVELS IN URINE.
THE SHAPE OF THE DISTRIBUTIONS IS SIMILAR FOR THE TOO INDIVIDUALS AND THE VARIATIONS APPEAR TO BE 
RANDOMLY DISTRIBUTED.
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on u r in e  m ercury  l e v e l s .  The sam ples  were a l lo w e d  to  s i t  a t  room 
t e m p e r a tu r e  I n  capped p o l y e t h y le n e  v i a l s .  No p r e s e r v a t i v e s  were 
ad d ed .  The d a ta  c o l l e c t e d  showed a l o s s  of m ercury  w i th  t im e .  On 
t h e  a v e r a g e ,  51.5% o f  t h e  i n i t i a l  m ercury  c o n c e n t r a t i o n  was l o s t .
D. DISCUSSION
1 . A dvan tages  o f  t h e  Method
The use  of t h e  d e s c r i b e d  t e c h n iq u e  f o r  th e  d i r e c t  a n a l y s i s
o f  m ercu ry  i n  u r in e  e l i m i n a t e d  many of th e  e r r o r s  i n h e r e n t  in  
o t h e r  m ethods . Both p o s i t i v e  e r r o r s  due to  c o n ta m in a t io n  and 
n e g a t i v e  e r r o r s  due to  in c o m p le te  e x t r a c t i o n  o r  v o l a t i l i z a t i o n  
were a v o id e d  be c au se  no sam p le  p r e t r e a t m e n t  o r  p r e c o n c e n t r a t i o n  
was n e c e s s a r y .
The e f f i c i e n t  a t o m i z a t i o n  a c h ie v e d  by th e  use  of th e  q u a r t z
"T" c o m p le te ly  e l i m i n a t e d  m o le c u la r  a b s o r p t i o n  a t  t h e  253 .7  nm
l i n e .  A l l  ch e m ica l  form s o f  m ercu ry  were b roken  down t o  th e  
a to m ic  s t a t e  and m ea su red ,  t h e r e b y  im prov ing  th e  a c c u r a c y  o f  th e  
d e t e r m i n a t i o n  i n  c o m p a r iso n  to  o t h e r  m ethods.
2. C o n c e n t r a t i o n  Range f o r  M ercury i n  U r ine
An a v e ra g e  c o n c e n t r a t i o n  of 1 .3  ppm Hg was found i n  the  
u r i n e  o f  th e  s u b j e c t s  sam pled . T h is  i s  c o n s id e r a b l y  h ig h e r  th a n  
t h e  20-50 ppb Hg r a n g e  f o r  norm al u r in e  m ercury  l e v e l s  which i s  
r e p o r t e d  i n  th e  l i t e r a t u r e .  I t  must be remembered t h a t  th e  
l i m i t e d  l i t e r a t u r e  v a lu e s  a v a i l a b l e  were o b t a in e d  by t e c h n iq u e s  
w hich  have been  shown t o  be I n a c c u r a t e .  The d i g e s t i o n - d i t h i z o n e  
e x t r a c t i o n  method o f t e n  r e s u l t e d  i n  in c o m p le te  breakdown and
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e x t r a c t i o n  o f  m ercu ry  w h i le  t h e  I s o to p e  exchange method d e te rm in e d  
o n ly  i n o r g a n i c  m erc u ry .  I t  i s  b e l i e v e d  t h a t  th e  d a ta  o b t a in e d  In  
t h i s  s tu d y  u s in g  th e  q u a r t z  "T" a to m iz e r  r e f l e c t e d  more a c c u r a t e l y  
th e  "norm al"  c o n c e n t r a t i o n  o f  m ercury  i n  u r i n e .
A lthough  none of th e  sampled p o p u l a t i o n  was o c c u p a t i o n a l l y  
exposed  to  m ercu ry ,  one s u b j e c t  worked w i th  e l e m e n ta l  and 
a lk y lm e r c u ry  on a l i m i t e d  b a s i s .  T h is  s u b j e c t  had th e  h i g h e s t  
u r i n e  m ercu ry  c o n c e n t r a t i o n  found i n  t h i s  s tu d y ,  3 .7  ppm Hg.
3 . V a r i a t i o n s  i n  t h e  C o n c e n t r a t i o n  o f  M ercury i n  U rine  o f  An 
I n d i v i d u a l
The c o n c e n t r a t i o n  o f  m ercury  i n  th e  u r i n e  of an i n d i v i d u a l  
was found  t o  v a r y  on a d a y - to - d a y  b a s i s ,  a s  had been r e p o r t e d  i n  
p r e v io u s  l i t e r a t u r e .  I t  can  be seen  from T ab le  10 t h a t  th e  amount 
o f  t h i s  v a r i a t i o n  was n o t  v e ry  d i f f e r e n t  f o r  th e  two s u b j e c t s  
s t u d i e d .  The a v e ra g e  c o n c e n t r a t i o n  f o r  S u b je c t  1 was 0 .9  + 0 .8  
ppm; t h a t  f o r  S u b je c t  2 was 0 . 8  +  0 .6  ppm. The a v e ra g e  d a i l y  
v a r i a t i o n  f o r  t h e s e  s u b j e c t s  was 82%.
I t  was n o t  s u r p r i s i n g  t h a t  th e  d a i l y  e x c r e t i o n  o f  m ercu ry  i n  
u r i n e  v a r i e d .  D i e t ,  f l u i d  I n t a k e ,  e x e r c i s e ,  and th e  l e v e l s  of 
many o t h e r  compounds i n  t h e  body may a f f e c t  th e  d a l l y  b a la n c e  of 
m e rc u ry .  C e r t a i n l y ,  f l u i d  i n t a k e  d i r e c t l y  a f f e c t e d  th e  c o n c e n t r a ­
t i o n  of m ercu ry  found i n  t h e  u r in e  by a l t e r i n g  th e  amount of f l u i d  
p a s s e d  th ro u g h  th e  k id n e y s .  C o r r e c t i n g  th e  m ercury  c o n c e n t r a t i o n  
f o r  th e  u r i n e  s p e c i f i c  g r a v i t y  o r  f o r  some o th e r  u r i n e  component 
su ch  as  c r e a t i n i n e  can be done t o  r e d u c e  th e  v a r i a t i o n ,  b u t  i t  has  
been  r e p o r t e d  t o  be i n e f f e c t i v e . ^
115
4. P r e c i s i o n  o f  t h e  Method
The r e l a t i v e  p r e c i s i o n  o f  u r i n e  a n a l y s i s  by t h i s  method was 
c a l c u l a t e d  to  be a b o u t  28%. The r e l a t i v e  p r e c i s i o n  of th e  method 
f o r  aqueous s t a n d a r d s  was c a l c u l a t e d  to  be abou t 16%. The 
in h o m o g e n e ity  of u r i n e  compared t o  aqueous s t a n d a r d s  i s  b e l i e v e d  
t o  be r e s p o n s i b l e  f o r  th e  p o o r e r  p r e c i s i o n  of th e  u r in e  a n a l y s i s .  
Only a  1 o r  2 yL a l i q u o t  of sample was t a k e n  f o r  a n a l y s i s .  A 
s l i g h t  c h a n g e ,  f o r  exam ple , i n  th e  s o l i d s  c o n t e n t ,  o f  so s m a l l  a 
volume c o u ld  r e s u l t  i n  a l a r g e  d i f f e r e n c e  i n  th e  m easured 
c o n c e n t r a t i o n .  U rine  sam ples a l s o  seemed t o  soak i n t o  th e  ca rbon  
d i s k s  more r e a d i l y  th a n  aqueous s t a n d a r d s .  T h is  o f t e n  r e s u l t e d  in  
changes  i n  peak shape and h e i g h t .
5 . Changes i n  C o n c e n t r a t i o n  o f  M ercury i n  U r in e  on S to ra g e
S to r a g e  of any sam ple t o  be a n a ly z e d  f o r  m ercury  can
r e s u l t  i n  l o s s  o f  m ercu ry  th ro u g h  v o l a t i l i z a t i o n  and a d s o r p t i o n ,  
a s  was p o in te d  out i n  t h e  G e n e ra l  I n t r o d u c t i o n .  S to ra g e  of 
b i o l o g i c a l  sam ples  i s  a p a r t i c u l a r  p rob lem  because  b a c t e r i a l  
a c t i v i t y  can v o l a t i l i z e  m ercury  from th e  s a m p l e . I s  
c l e a r  from th e  d a ta  i n  T a b le  11 t h a t  even  one o r  two days s to r a g e  
a t  room t e m p e r a tu r e  can  ca u se  s i g n i f i c a n t  l o s s  of u r in e  m ercu ry .  
A lthough  room t e m p e r a tu r e  s t o r a g e  of b i o l o g i c a l  sam ples  i s  n o t  a 
common p r a c t i c e  i n  c l i n i c a l  l a b s ,  spec im ens  a r e  o f t e n  s h ip p e d  to  
l a b s  by m a l l  o r  a i r  f r e i g h t .  E v a p o r a t io n  of th e  wet or dry  i c e  
p a c k in g  i s  a common o c c u r r e n c e .  Samples w hich a r e  r e c e iv e d  a t  
room t e m p e r a tu r e  s h o u ld  n o t  be a n a ly z e d  f o r  m ercu ry .
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Table 11
Change In  C o n c e n t r a t i o n  of Hg i n  U rine  w i th  Time 
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6. E s t im a te d  D a l ly  E x c r e t i o n  o f  M ercury th ro u g h  U r in e
The a v e ra g e  d a i l y  e x c r e t i o n  o f  m ercu ry  th ro u g h  u r i n e  c o u ld  
be e s t i m a t e d  based  on th e  d a ta  o b t a in e d  i n  t h i s  s tu d y .  The 
a v e ra g e  c o n c e n t r a t i o n  o f  m ercu ry  i n  th e  u r i n e  o f  th e  sam pled 
p o p u l a t i o n  was 1 .3  ppm. I f  a norm al volume of u r in e  e x c r e t e d  i n  
24 h o u rs  i s  assumed to  be 1500 m L , 145 ,146  th e n  th e  a v e ra g e  
amount of m ercu ry  e x c r e t e d  p e r  day would be a p p ro x im a te ly  2 mg.
E. CONCLUSIONS AND SUMMARY
1. The use  of th e  q u a r t z  "T" a to m iz e r  and th e  sample i n t r o ­
d u c t i o n  t e c h n iq u e s  d e s c r i b e d  was e f f e c t i v e  i n  th e  d i r e c t  a n a l y s i s  
o f  m ercu ry  i n  u r i n e .  E f f i c i e n t  r e d u c t i o n  of th e  background  
a b s o r p t i o n  e l i m i n a t e d  th e  need f o r  p r e t r e a t m e n t  i n v o lv i n g  o x id a ­
t i o n  or d i g e s t i o n  o f  t h e  sam p le .  The method was s u f f i c i e n t l y
v s e n s i t i v e  t o  a l lo w  a n a l y s i s  o f  1 pL o f  u r i n e  w i th o u t  p r e c o n c e n t r a ­
t i o n .
2 . The a v e ra g e  u r i n a r y  m ercu ry  c o n c e n t r a t i o n  f o r  i n d i v i d u a l s  
who were n o t  o c c u p a t i o n a l l y  e xposed  to  m ercury  was found  t o  be 1 .3  
+ 0 . 9  ppm. The r e l a t i v e  p r e c i s i o n  of t h i s  method was a p p r o x i ­
m a te ly  28%.
3 . U r in a ry  m ercu ry  c o n c e n t r a t i o n  i n  an i n d i v i d u a l  v a r i e d  on a 
d a y - t o - d a y  b a s i s .  The a v e ra g e  d a i l y  v a r i a t i o n  was 82%.
4 . The a v e ra g e  d a i l y  e x c r e t i o n  of m ercu ry  th ro u g h  u r in e  was 
e s t i m a t e d  t o  be 2 mg.
CHAPTER 3
THE DIRECT DETERMINATION OF MERCURY IN SWEAT
A. INTRODUCTION
E x c r e t io n  of t r a c e  m e ta l s  i n  p e r s p i r a t i o n ,  o r  s w e a t ,  can be 
o f  im p o r ta n c e  i n  th e  b a la n c e  of e le m e n ts  i n  th e  human body. The 
l o s s  o f  e s s e n t i a l  t r a c e  e le m e n ts  th ro u g h  p e r s p i r a t i o n  can be a 
f a c t o r  i n  n u t r i t i o n  s t u d i e s  and e x c r e t i o n  o f  t o x i c  m e ta l s  would 
p la y  a r o l e  in  t o x i c i t y  s t u d i e s .  I t  has  been s u g g e s t e d ! ^  
t h a t  such  e x c r e t i o n  i s  a means o f  rem oving n o n - e s s e n t i a l  
com ponents  from th e  body. I o d i n e ,  b ro m in e ,  s i l v e r ,  m erc u ry  and 
o t h e r  p h a rm a c o lo g ic a l  s u b s ta n c e s  a d m i n i s t e r e d  can  be d i s c h a r g e d  i n  
t h i s  m a n n e r .^63 j n  1 9 2 8 , Lomholt^-^^ found  sm a l l  amounts 
o f  m ercu ry  i n  th e  p e r s p i r a t i o n  o f  p a t i e n t s  i n j e c t e d  w i t h  m e rc u r ic  
i o n  a s  a t r e a tm e n t  f o r  s y p h i l i s .  The s e c r e t i o n  by th e  sweat 
g l a n d s  i s  f a r  g r e a t e r  th a n  th e  s e c r e t i o n s  o f  most o th e r  l a r g e r  
g l a n d s ;  f o r  exam ple , t y p i c a l  sw eat g la n d s  w e ig h in g  a t o t a l  o f 40 g 
s e c r e t e  3 -10  kg of f l u i d / d a y  compared to  t y p i c a l  s a l i v a  g l a n d s ,  
w h ich  w eigh 70 g and s e c r e t e  1 .5  kg s a l i v a / d a y . 163 S in c e  a 
p o r t i o n  o f  norm al human p e r s p i r a t i o n  i s  i n s e n s i b l e  and does  no t 
in v o lv e  th e  sw eat g l a n d s , 163 l o s s  0f  t r a c e  s u b s ta n c e s  i n  sweat 
i s  p o s s i b l y  more s i g n i f i c a n t  th a n  g e n e r a l l y  b e l i e v e d .  L i t t l e  
r e s e a r c h  h a s  been p u b l i s h e d  on th e  c o n c e n t r a t i o n  of m e ta l s  i n  
human p e r s p i r a t i o n .
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1. C h a r a c t e r i s t i c s  o f  Human P e r s p i r a t i o n
a .  S e n s ib l e  and I n s e n s i b l e  Sw eating
Normal human p e r s p i r a t i o n  c o n s i s t s  of s e n s i b l e  and 
i n s e n s i b l e  s w e a t in g .  ^63 i n s e n s i b l e  s w e a t in g  i s  t h a t  e l i m i n a ­
t i o n  o f  m o is tu re  w hich o c c u rs  w i th o u t  th e  knowledge o r  a w a ren e ss  
o f  th e  s u b j e c t .  S e n s ib l e  s w e a t in g  i s  t h a t  which can be f e l t  by 
t h e  s u b j e c t .
I n s e n s i b l e  s w e a t in g  i n c l u d e s  e l i m i n a t i o n  th ro u g h  r e s p i r a t i o n  
and th ro u g h  th e  s k i n .  The mechanisms f o r  t h e s e  pathw ays d i f f e r ,  
b u t  b o th  a r e  known t o  be i n f l u e n c e d  by f a c t o r s  such  as  body s i z e ,  
m e t a b o l i c  a c t i v i t y ,  and a tm o s p h e r ic  c o n d i t i o n s . 163 T o t a l  
i n s e n s i b l e  p e r s p i r a t i o n  has  been e s t i m a t e d l 6 2  a t  6 - 1 9  g / h r ,  
d e p e n d in g  on th e  volume r e s p i r e d  and th e  h u m id i ty .
C u taneous  i n s e n s i b l e  p e r s p i r a t i o n  v a r i e s  w i th  th e  r e g i o n  of 
t h e  b o d y . ^ The palms and s o l e s  of t h e  f e e t  a r e  5-20 t im e s  more 
a c t i v e  in  t h i s  form  o f  s w e a t in g  th a n  th e  g e n e r a l  body s u r f a c e .
One ty p e  o f  i n s e n s i b l e  s w e a t in g ,  th e rm a l  s w e a t in g ,  o c c u r s  ove r  the  
g e n e r a l  body s u r f a c e  w i th  th e  e x c e p t io n  of th e  palms and s o l e s .
The o t h e r  t y p e ,  m e n ta l  ( o r  e m o t io n a l )  s w e a t in g  o c c u rs  p r i m a r i l y  a t  
t h e  palms and s o l e s .  The c o m p o s i t io n  of sw eat i s  th o u g h t  to  v a ry  
d e p e n d in g  on th e  r e g i o n  o f  th e  body p ro d u c in g  i t . 1 & 2 , 163
b .  Mechanisms o f  Sweat E x c r e t io n
S e n s ib l e  and i n s e n s i b l e  p e r s p i r a t i o n  a r e  known to  
d i f f e r  i n  t h e i r  mechanism o f  e x c r e t i o n .  I n s e n s i b l e  p e r s p i r a t i o n  
d o es  n o t  in v o lv e  th e  sw eat g la n d s  t o  any g r e a t  e x t e n t .  I n  th e  
s k i n ,  th e  e p id e r m is  i s  s u p p l i e d  w i th  m o is tu re  from th e  b lood
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v e s s e l s .  I n s e n s i b l e  p e r s p i r a t i o n  c o n s i s t s  of th e  e v a p o r a t i o n  of 
t h i s  m o is tu re  th ro u g h  th e  s k i n .
I n  c o n t r a s t ,  s e n s i b l e  p e r s p i r a t i o n  i s  a lw ays a  r e s u l t  o f  th e  
s e c r e t i o n  o f  th e  sweat g l a n d s . 163 £s known t h a t  s e n s i b l e  
p e r s p i r a t i o n  I s  e x c r e t e d  from two ty p e s  of sw eat g l a n d s .  The more 
numerous t y p e ,  th e  e c c r i n e  g l a n d s ,  a r e  d i s t r i b u t e d  a l l  over  the  
body and s e c r e t e  a d i l u t e  f l u i d  w i th  low c o n c e n t r a t i o n s  o f  many
s u b s t a n c e s .  The a p o c r in e  g l a n d s  a r e  found i n  a s s o c i a t i o n  w i th
h a i r  f o l l i c l e s  i n  a few r e s t r i c t e d  a r e a s  o f  t h e  body. The 
s e c r e t i o n  of th e  a p o c r in e  g la n d s  c o n t a i n s  many o r g a n ic  s u b s ta n c e s
w hich  v a ry  w i th  d i f f e r e n t  g la n d s  and w i th  i n d i v i d u a l s .  A pocrine
g la n d s  a r e  a c t i v a t e d  by i n t e n s e  p a in  o r  f e a r . -*-63
c .  C o m p o s it io n  o f  Sweat
E c c r ln e  s w e a t ,  a c l e a r  aqueous  s o l u t i o n ,  i s  g e n e r a l l y  
99 .0 -99 .5%  w a te r  and 0 .5 -1 .0 %  s o l i d s  w hich  a r e  ab o u t  h a l f  o r g a n ic  
and h a l f  i n o r g a n i c . S o m e  common c o n s t i t u e n t s  o f  norm al 
human sw eat a r e  l i s t e d  i n  T a b le  12. Most of what i s  known abou t 
th e  c h e m ic a l  c o m p o s i t io n  o f  sw eat comes from a n a l y s i s  o f  sweat 
s e c r e t e d  o n to  t h e  s k i n .  The c o m p o s i t io n  of sw eat a s  i t  i s  formed 
i n  t h e  c o i l  o f  th e  g lan d  re m a in s  l a r g e l y  unknown, b u t  i t  i s  
b e l i e v e d  to  be i s o t o n i c  w i th  p l a s m a .146*163 v a r i a b l e  r e ­
a b s o r p t i o n  has  been  p o s t u l a t e d  t o  o c c u r  i n  th e  g lan d  d u c t  because  
e x c r e t e d  sweat c o n t a i n s  s u b s ta n c e s  whose c o n c e n t r a t i o n s  a r e  h ig h e r  
t h a n ,  and low er t h a n ,  t h a t  i n  p l a s m a .146 ,163  The c o m p o s i t io n  
o f  i n s e n s i b l e  sw eat i s  no t known, b u t  c o u ld  be e x p e c te d  t o  d i f f e r
T a b le  12
S e l e c t e d  C o n s t i t u e n t s  o f  Normal Human Sweat^-46,163
C o n s t i t u e n t C o n c e n t r a t i o n
S o l id s 1 .17  -  1.59%
C alc ium 1 .0  -  24 m g /100 mL
C h lo r id e 320 mg/100 mL
Copper 0 .0 6  mg/L
I r o n 0 .0 2 7  m g /100 mL
Magnesium 0 .0 0 4  -  0 .286  m g /100 mL
Manganese 0 .0 0 6  m g /100 mL
P hosphorus 0 .0 0 9  -  0 .0 4 3  m g /100 mL
P o ta ss iu m 21 -  126 m g /100 mL
Sodium 24 -  312 m g /100 mL
S u l f u r 0 .7  -  7 .4  mg/100 mL
Z inc 93 j ig /100 mL
B ic a rb o n a te 1 . 6  -  18 .6  vol%
S u g a r ,  a s  g lu c o s e 0 - 3  m g /100 mL
L a c t i c  a c id 285 -  338 m g /100 mL
C r e a t i n i n e 0 .1  -  1 .3  mg/100 mL
Urea 12 -  57 m g /100 mL
Amino a c id  N 1 .1  -  10 .2  mg/100 mL
pH -  3 .8  -  8 .2
s p e c i f i c  g r a v i t y  « 1 . 0 0 1  -  1 .006
1 2 2
from  t h a t  of s e n s i b l e  sw e a t .
Sweat e x c r e t e d  d u r in g  th e  I n i t i a l  s t a g e s  o f  p e r s p i r a t i o n  
c o n t a i n s  b o th  s e c r e t i o n s  from th e  sweat g la n d s  and c o n ta m in a n ts  
f rom  s k i n  t i s s u e .  Sweat o b t a in e d  d u r in g  more p r o fu s e  p e r s p i r a t i o n  
was th o u g h t  t o  c o n ta i n  o n ly  th e  e x c r e t i o n  from th e  sweat 
g l a n d s . 163
d .  Average Amount o f  P e r s p i r a t i o n
The a v e ra g e  amount of p e r s p i r a t i o n  has  been  e s t i m a t e d  
t o  be 3 . 0 - 3 . 3  k g /d a y  f o r  a 65 kg (165 l b )  man a t  29°C. S e n s ib l e  
p e r s p i r a t i o n  was b e l i e v e d  to  ac co u n t  f o r  a p p ro x im a te ly  2 .3  kg of 
t h i s  t o t a l .  Many f a c t o r s  i n f l u e n c e  th e  amount of p e r s p i r a t i o n  
e x c r e t e d  by an I n d i v i d u a l ,  I n c l u d i n g  a tm o s p h e r ic  c o n d i t i o n s ,  
m e t a b o l i c  r a t e  and body s i z e .
2 . P rob lem s i n  t h e  A n a ly s i s  o f  Sweat
The a n a l y s i s  of sweat i s  made d i f f i c u l t  by s e v e r a l  
f a c t o r s .  C o l l e c t i o n  of a r e p r e s e n t a t i v e  sam ple i s  d i f f i c u l t  
b e c a u s e  t h e  c o m p o s i t io n  o f  sweat a p p e a r s  t o  v a r y  w i th  th e  r e g io n  
o f  th e  body where i t  i s  p r o d u c e d .^62 c o l l e c t i o n  of a sample 
must be done w i th o u t  c o n ta m in a t io n  from th e  s k i n  or th e  c o l l e c t i o n  
v e s s e l .  The c o n c e n t r a t i o n  o f  many s u b s ta n c e s  i n  sw eat changes 
w i th  a change i n  t h e  r a t e  o f  s e c r e t i o n  of Bweat. Some s u b s t a n c e s ,  
s u c h  a s  c h l o r i d e ,  i n c r e a s e  i n  c o n c e n t r a t i o n  as  th e  r a t e  of 
s w e a t in g  i n c r e a s e s ,  w h i le  o t h e r s ,  such  as g l u c o s e ,  a r e  I n v e r s e l y  
r e l a t e d  t o  th e  r a t e  of sweat s e c r e t i o n . ^63 P r e v e n t i o n  of 
e v a p o r a t i v e  l o s s  o f  w a te r  from th e  c o l l e c t e d  sam ple  i s  a l s o  v e ry
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d i f f i c u l t . 1^3 ^ 1 1  of  t h e s e  f a c t o r s  u n d o u b te d ly  c o n t r i b u t e  to
th e  w ide c o n c e n t r a t i o n  r a n g e s  r e p o r t e d  in  th e  l i t e r a t u r e  f o r  even 
m a jo r  sw eat components such  as  sodium , p o ta s s iu m  and c h l o r i d e .
S e v e r a l  m ethods f o r  th e  c o l l e c t i o n  o f  sweat sam ples have been
, , i 162-165r e p o r t e d .  A t o t a l - b o d y  washdown p ro c e d u re  has  been u s e d ,
i n  w hich  s u b j e c t s  were exposed  to  a c o n t r o l l e d - t e m p e r a t u r e  chamber 
f o r  a p e r io d  of t im e ,  a f t e r  which th e  whole body was washed to  
c o l l e c t  sw eat s o l u t e s .  The amount of sweat was c a l c u l a t e d  by 
m e a s u r in g  th e  n e t  l o s s  i n  body w e ig h t  d u r in g  th e  c o l l e c t i o n  
p e r i o d .  O th e rs  have c o l l e c t e d  sweat i n  a p o ly e th y le n e  bag a t t a c h e d  
t o  a s u b j e c t ' s  f o r e a r m .166 ,167  M ic ro p u n c tu re s  of th e  sweat 
g la n d  d u c t  a l s o  have been used  to  c o l l e c t  s a m p l e s . 163
M o le c u la r  background a b s o r p t i o n  by s a l t s  and o r g a n ic  
com ponents  o f  sw eat i s  a p roblem  i n  s p e c t r o s c o p i c  a n a l y s i s  of 
s w e a t ,  a s  i t  i s  i n  u r i n e  a n a l y s i s .  Loss of m ercu ry  th ro u g h  
v o l a t i l i z a t i o n  d u r in g  s t o r a g e  or sample d i g e s t i o n  and c o n ta m in a ­
t i o n  of th e  sam ple th ro u g h  added r e a g e n t s  a r e  a l s o  p rob lem s t h a t  
must be c o n s id e r e d .
3 .  Common Methods f o r  t h e  A n a ly s i s  o f  Sweat
Few exam ples  o f  sw eat a n a ly s e s  can be found i n  th e  
l i t e r a t u r e .  Lomholt r e p o r t e d * - ^  i n  1928 t h a t  sm a l l  amounts of 
m ercu ry  were found i n  th e  sw eat of s y p h i l i t i c  p a t i e n t s  u n d e rg o in g  
m ercu ry  i n j e c t i o n s .  The a n a l y t i c a l  method used  was n o t  d e s c r i b e d ,  
b u t  was p r o b a b ly  a g r a v i m e t r i c  t e c h n iq u e  such  as  th e  R e in s c h  
t e s t .
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O th e r  o ld e r  p a p e r s ^ , 167 r e p0 r te ( j t he d e t e r m i n a t i o n  of m e ta ls  
su c h  as  i r o n ,  z i n c ,  s i l v e r  and c a lc iu m  i n  sw eat by v a r i o u s  wet 
c h e m ic a l  m ethods and c o l o r i m e t r i c  p r o c e d u r e s .  X -ray  f l u o r e s c e n c e  
h a s  been used^-®® t o  d e te rm in e  bromine i n  s w e a t .
Atomic a b s o r p t i o n  s p e c t r o s c o p y  has  been used  to  d e te rm in e  
m e t a l s  i n  s w e a t . 1 6 5 ,166  cohn  and E m m e t t d e te rm in e d  
cadmium i n  sweat by AAS. Asayama, e t  al.^®® r e p o r t e d  a h ig h  
c o r r e l a t i o n  among th e  c o n c e n t r a t i o n s  of 9 m e ta l s  i n  sw e a t .  The 
l e v e l s  o f  most m e ta l s  i n  sw eat were h ig h e r  th a n  th o s e  i n  u r i n e .  
M ercury  was n o t  among th e  m e ta ls  s t u d i e d .
4 .  G oals  o f  T h is  S tudy
In  v iew  o f  th e  l i m i t e d  d a ta  a v a i l a b l e  on th e  c o n c e n t r a t i o n  
o f  m erc u ry  i n  human p e r s p i r a t i o n ,  i t  was th o u g h t  to  be a p p r o p r i a t e  
t o  i n v e s t i g a t e  t h i s  e x c r e t o r y  mode. S in c e  l e v e l s  of s e v e r a l  
m e ta l s  were found  to  be h ig h e r  i n  sw eat th a n  i n  u r i n e ,  sw eat cou ld  
p l a y  an  im p o r ta n t  r o l e  i n  th e  e x c r e t i o n  of t o x i c  m e ta l s  from th e  
body.
C arbon bed a to m ic  a b s o r p t i o n  s p e c t r o s c o p y  u s in g  th e  q u a r t z  
"T" a to m iz e r  c o u ld  be a p p l i e d  e a s i l y  t o  t h e  a n a l y s i s  of sweat 
s a m p le s .  I n  c o n ju n c t io n  w i th  sam ple i n t r o d u c t i o n  on ca rbon  d i s k s  
o r  by d i r e c t  i n j e c t i o n ,  th e  d e s c r i b e d  a p p a r a tu s  p ro v id e d  a r a p i d  
and a c c u r a t e  means of a n a l y s i s  f o r  a d i f f i c u l t  b i o l o g i c a l  m a t r ix .
B. EXPERIMENTAL
1. Equipment
The equ ipm ent used  i n  th e  a n a l y s i s  of sweat sam ples  was
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I d e n t i c a l  to  t h a t  p r e v i o u s l y  d e s c r i b e d  f o r  th e  a n a l y s i s  of u r in e  
and w a t e r .
2. P ro c ed u re
a .  Sam pling T e chn iques
Sweat sam ples  were c o l l e c t e d  unde r  s u p e r v i s i o n  i n  a 
sauna  a t  th e  LSU F ie ld  House, from male v o l u n t e e r s  who were 
members of th e  u n i v e r s i t y  p o p u l a t i o n .  I n d i v i d u a l s  sampled had 
undergone  an e x e r c i s e  program  and th e n  showered b e fo r e  e n t e r i n g  
th e  sa u n a .  Sweat sam ples  were c o l l e c t e d  o n ly  a f t e r  p ro fu s e  
s w e a t in g  had begun in  o r d e r  to  a v o id  c o l l e c t i o n  of s k in  
c o n ta m in a n t s .  C o l l e c t i o n  was made by c a t c h in g  d ro p s  of sw eat from 
th e  nose or fo re h e a d  i n  a p r e v i o u s ly  c le a n e d  p o ly e th y le n e  v i a l .
No c o n ta c t  was made betw een th e  v i a l  and th e  s k in  i t s e l f .  The 
a v e ra g e  volume of sw eat c o l l e c t e d  was a p p ro x im a te ly  2 mL o v e r  a 10 
m in u te  p e r i o d .
C o l l e c t i o n  o f  most sam ples  was made i n  th e  l a t e  a f t e r n o o n .
I n  most c a s e s ,  u r in e  sam ples  were c o l l e c t e d  from e a c h  s u b j e c t  
w i t h i n  m in u te s  o f  th e  c o l l e c t i o n  of sw eat s p e c im en s .  I t  t h u s  was 
p o s s i b l e  to  compare th e  m ercury  c o n te n t  of t h e s e  two e x c r e t o r y  
f l u i d s  c o l l e c t e d  a t  e s s e n t i a l l y  th e  same t im e  under  th e  same 
c o n d i t i o n s  f o r  e a ch  i n d i v i d u a l .
b .  A n a l y t i c a l  P ro c e d u re
A l l  sam ples were a n a ly z e d  w i t h i n  t h r e e  h o u rs  of 
c o l l e c t i o n .  The sample I n t r o d u c t i o n  t e c h n iq u e s  used  were 
d e s c r i b e d  p r e v i o u s l y .  I n  th e  d i r e c t  i n j e c t i o n  t e c h n i q u e ,  2 yL
126
a l i q u o t s  o f  sweat were i n j e c t e d  w i th  th e  m o d if ie d  Drummond m ic ro ­
d i s p e n s e r  o n to  th e  h o t  c a rb o n  bed . In  th e  ca rbon  d i s k  t e c h n i q u e ,
1 yL o f  sw eat was p la c e d  on a h e a t - c l e a n e d  ca rb o n  d i s k  by means of 
a  H a m il to n  s y r i n g e .  The s a m p le - la d e n  d i s k  was d ropped  o n to  th e  
h e a te d  c a rb o n  bed . The c o n c e n t r a t i o n  of m ercury  was d e te rm in e d  by 
m e a s u r in g  t h e  a b s o r p t i o n  o f  e i t h e r  t h e  184 .9  o r  253 .7  nm m ercury  
r e s o n a n c e  l i n e .  T h is  s i g n a l  r e p r e s e n t e d  b o th  a b s o r p t i o n  due to  
m ercu ry  and n o n - s p e c i f i c  a b s o r p t i o n  due to  m o le c u la r  background . 
Background c o r r e c t i o n  was a c co m p lish e d  by m e a su r in g  th e  a b s o r p t i o n  
by th e  sample of th e  d e u te r iu m  lamp s i g n a l  a t  e i t h e r  184 .9  or 
25 3 .7  nm. The d i f f e r e n c e  betw een th e  two s i g n a l s  was a m easure  of 
t h e  m ercu ry  a b s o r p t i o n .  The a b s o r p t i o n  o f  b lan k  ca rb o n  d i s k s  was 
r o u t i n e l y  r e c o r d e d  and s u b t r a c t e d  from  th e  sample s i g n a l  when 
n e c e s s a r y .
c .  C a l i b r a t i o n  P ro c e d u re s
C a l i b r a t i o n  was a c c o m p lish e d  u s in g  aqueous m e rc u r ic  
c h l o r i d e  s t a n d a r d s ,  e x a c t l y  as  d e s c r i b e d  f o r  w a te r  a n a l y s i s .  The 
l i n e a r  r an g e  e x te n d e d  from 0 .1  to  10 ng Hg a t  253 .7  nm.
The method o f  s t a n d a r d  a d d i t i o n s  was t r i e d  on two sw eat 
sam p les  from  2  d i f f e r e n t  s u b j e c t s ;  i n  b o th  c a s e s ,  th e  s lo p e  was 
t h e  same a s  t h e  s lo p e  o f  th e  aqueous  c a l i b r a t i o n  c u rv e .
T h e r e f o r e ,  sample a b s o r p t i o n  s i g n a l s  were compared d i r e c t l y  to  th e  
aqueous  s t a n d a r d s ,  and th e  s t a n d a r d  a d d i t i o n  method was n o t  u s e d .
As w i th  th e  u r in e  s a m p le s ,  peaks from  d i r e c t  i n j e c t i o n  of 
sw eat w i th  th e  Drummond m ic r o d i s p e n s e r  were t a l l e r ,  s h a r p e r  and
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n a r ro w e r  th a n  peaks  from  c a rb o n  d i s k  i n t r o d u c t i o n .  T h e r e f o r e ,  
sam ple peak h e i g h t  had to  be compared to  s t a n d a r d s  w hich  had been 
i n t r o d u c e d  i n t o  th e  a to m iz e r  i n  th e  same manner a s  th e  sa m p le s .
C. RESULTS
1. Use o f  t h e  1 8 4 .9  nm Resonance  L ine
P r e l i m i n a r y  sw eat a n a l y s e s  were c a r r i e d  ou t a t  184 .9  nm to  
t a k e  a d v a n ta g e  of th e  i n c r e a s e d  s e n s i t i v i t y  of t h i s  l i n e .  
I n t r o d u c t i o n  of 1 pL sw ea t sam ples  on ca rb o n  d i s k s  gave r i s e  to  
30-70% a b s o r p t i o n  o f  th e  ho l lo w  c a th o d e  lamp s i g n a l  and 10-20% 
a b s o r p t i o n  of th e  d e u te r iu m  lamp s i g n a l .  T h is  l a r g e  background 
a b s o r p t i o n  s i g n a l  was u n d e s i r a b l e ,  p a r t i c u l a r l y  s in c e  th e  AAS 
s y s te m  was o n ly  a  s i n g l e  beam sy s tem  and th e  background  c o r r e c t i o n  
c o u ld  n o t  be made s im u l ta n e o u s l y  w i th  th e  a to m ic  s i g n a l  
m easu rem en t.  A n a ly s i s  o f  sw eat sam ples  a t  253 .7  nm was t r i e d  and 
t y p i c a l  a b s o r p t i o n  s i g n a l s  of 2 - 1 0 % were o b s e rv e d ,  w i th  no 
background  a b s o r p t i o n  s i g n a l .  T h e r e f o r e ,  m erc u ry  d e t e r m i n a t i o n s  in  
sw eat were c a r r i e d  o u t  a t  253 .7  nm.
2 . C o n c e n t r a t i o n  Range f o r  M ercury  i n  t h e  Sweat o f
N o n -O c c u p a t io n a l ly  Exposed I n d i v i d u a l s
Sweat sam ples  were c o l l e c t e d  from  tw e n ty -o n e  members o f  
t h e  u n i v e r s i t y  p o p u l a t i o n  who were not o c c u p a t i o n a l l y  exposed  to  
m e rc u ry .  A l l  s u b j e c t s  were male and most were betw een  40 and 60 
y e a r s  o f  a g e .  Seven o f  th e  s u b j e c t s  were sam pled more th a n  once .
The r e s u l t s  of th e  sw eat a n a l y s e s  a r e  p r e s e n t e d  i n  T a b le  13. 
The a v e ra g e  m ercury  c o n c e n t r a t i o n  f o r  21 i n d i v i d u a l s  was 0 .5  ppm
Table 13
C o n c e n t r a t i o n  o f  M ercury i n  th e  Sweat of Normal A d u l t s
S u b je c t  ppm Hg I n  Sweat
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Hg; t h e  r a n g e  o f  v a lu e s  e x te n d e d  from <0.1  ppm to  1 .4  ppm. The 
d i s t r i b u t i o n  of m ercury  c o n c e n t r a t i o n s  i n  sw eat i s  i l l u s t r a t e d  i n  
F ig u re  27. The c o n c e n t r a t i o n s  e x h i b i t e d  a f a i r l y  norm al d i s t r i b u ­
t i o n  p a t t e r n .
3 .  V a r i a t i o n s  i n  t h e  M ercury  C o n c e n t r a t i o n  i n  t h e  Sweat o f  An
I n d i v i d u a l
Sweat from  two i n d i v i d u a l s  was a n a ly z e d  r e p e a t e d l y  ov e r  an 
e i g h t  month p e r io d  in  o r d e r  to  fo l lo w  d a y - to - d a y  changes  i n  the  
m ercu ry  c o n c e n t r a t i o n .  I t  was o b se rv e d  t h a t  th e  m ercury  
c o n c e n t r a t i o n  i n  sw eat d id  in d e e d  f l u c t u a t e  on a d a i l y  b a s i s ,  j u s t  
a s  d id  m ercury  c o n c e n t r a t i o n s  i n  u r i n e .  The r e s u l t s  of t h i s  s tu d y  
a r e  p r e s e n t e d  i n  T a b le  14. The d i s t r i b u t i o n  o f  , th e s e  v a lu e s  i s  
i l l u s t r a t e d  i n  F ig u r e  28. The d i s t r i b u t i o n s  a g a in  a p p e a r  to  be 
r e a s o n a b ly  n o rm a l .  The mean c o n c e n t r a t i o n  found i n  th e  sw eat of 
S u b je c t  1 was 0 .8  +  0 .6  ppm Hg, w i th  a ran g e  of < 0 .1  - 2 . 5  ppm Hg 
and an  a v e ra g e  d a i l y  v a r i a t i o n  o f  75%; S u b je c t  2 had a mean 
c o n c e n t r a t i o n  o f  0 .7  +  0 .5  ppm, a  range  of < 0 .1  -  2 .2  ppm and an 
a v e ra g e  d a l l y  v a r i a t i o n  o f  71%.
The " s t a n d a r d  d e v i a t i o n "  h a s  been c a l c u l a t e d  h e re  a s  a  
m easure  o f  th e  amount o f  v a r i a t i o n  found i n  m ercury  c o n c e n t r a t i o n s  
on a d a y - to - d a y  b a s i s .  I t  must be em phasized  t h a t  a d i f f e r e n t  
sam ple was a n a ly z e d  t o  o b t a i n  e a ch  of th e  r e p o r t e d  v a l u e s .  
T h e r e f o r e ,  th e  " s t a n d a r d  d e v i a t i o n "  c a l c u l a t e d  above i s  n o t  a 
m easure  of p r e c i s i o n  o r  o f  t r u e  d e v i a t i o n  of t h e  p r o c e d u r e .  T h is  
v a lu e  s e r v e s  o n ly  a s  an  i n d i c a t i o n  of t h e  r an g e  o f  m ercury
Table 14
D a i ly  V a r i a t i o n s  i n  C o n c e n t r a t i o n  o f  Hg i n  Sweat
Date S u b je c t  1 S u b je c t  2 Date S u b je c t  1 S u b je c t  2
Mo/Day/Yr ppm Hg ppm Hg Mo/Day/Y ppm Hg ppm Hg
0 7 /0 6 /8 1 1.5 1 . 1 0 1 /2 0 /8 2 1 . 1 1 .4
0 7 /0 8 /8 1 1 . 0 1 . 0 0 1 /2 2 /8 2 1.4 NS
07 /1 3 /8 1 ND 1 . 0 0 1 /2 7 /8 2 0 . 1 0 . 2
0 7 /1 4 /8 1 0 .7 0 .7 0 1 /2 9 /8 2 1 . 0 1 . 1
0 7 /2 0 /8 1 1 . 0 1 . 2 0 2 /0 1 /8 2 0 . 6 0 . 6
0 7 /2 7 /8 1 1 . 8 0 . 6 0 2 /1 0 /8 2 0 . 6 0 . 6
09 /3 0 /8 1 2 .5 NS 0 2 /1 2 /8 2 0 .3 0 .3
10 /06 /81 0 . 8 0 . 8 0 2 /1 5 /8 2 0 . 6 0 .5 3  '
10 /07 /81 ND 0 . 2 0 2 /1 7 /8 2 0 .5 0 .3
10 /14 /81 0 .9 0 .4 0 2 /1 9 /8 2 0 .3 0 .3
10 /29 /81 1 . 2 NS 0 3 /0 3 /8 2 0 . 8 0 . 1
10 /30 /81 0 . 2 0 . 2 0 3 /0 5 /8 2 0 . 1 ND
1 1 /02 /81 1.4 1 .4 0 3 /1 0 /8 2 ND 0 .5
1 1 /04 /81 0 .7 0 .7 0 3 /1 7 /8 2 0 .7 0 .5
11/18 /81 1.7 1 .4 0 3 /2 2 /8 2 0 .3 0 .3
U /3 0 /8 1 1 . 6 a 2 . 0 0 3 /2 4 /8 2 0 .3 0 .3
12 /02 /81 1 . 8 1 . 6 0 3 /2 9 /8 2 0 . 2 0 .5
12 /11 /81 2 .3 1 .4 0 4 /0 2 /8 2 0 . 1 NS
12/14 /81 0 . 8 0 .7 0 4 /0 5 /8 2 0 .3 0 .3
12 /16 /81 0 . 8 2 . 2 0 4 /1 9 /8 2 NS 0 .5
0 5 /2 4 /8 2 NS 0 .5
0 6 /0 2 /8 2 NS 0 . 6
a -  sweat sample t u rn e d  p ink  a f t e r c o l l e c t i o n n = 39 n = 38
D -  none d e t e c t e d (< 0 . 1  ppm) x = 0 . 8 x  = 0 .7
S -  no sample c o l l e c t e d o = 0 . 6 0  = 0 .5
a 2  = 0 .40 a 2  = 0 .25
u>
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FIGURE 2 8 :  DISTRIBUTION OF MERCURY CONCENTRATIONS IN SWEAT FOR TWO INDIVIDUALS. THE RANGE OF CONCENTRA­
TIONS INDICATED THE INDIVIDUAL VARIATION IN MERCURY LEVELS IN SWEAT FROM DAY-TO-DAY. THE SHAPE OF 
THE DISTRIBUTIONS IS  SIMILAR FOR THE TWO SUBJECTS STUDIED AND THE VARIATIONS APPEAR TO BE RANDOMLY 
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c o n c e n t r a t i o n s  In  sw eat and of th e  d i s t r i b u t i o n  w i t h in  t h a t  
r a n g e .
On t h r e e  o c c a s i o n s ,  m arked w i th  a s u p e r s c r i p t  "a"  i n  T a b le  14, 
sweat sam ples  i n  c lo s e d  p o ly e th y le n e  v i a l s  t u rn e d  p ink  s h o r t l y  
a f t e r  c o l l e c t i o n .  T h is  p in k  c o lo r  p e n e t r a t e d  th e  p o ly e th y le n e  
v i a l  a s  w e l l  a s  th e  sam p le ,  and cou ld  no t be removed by o v e r n ig h t  
so a k in g  i n  50% HNO3 , by w ash ing  w i th  soap  and w a te r  or w i th  
a c e t o n e .  The c o l o r  d id  n o t  seem to  have any e f f e c t  on th e  m ercury  
c o n c e n t r a t i o n  In  t h e  sw eat sam p le .
4. P r e c i s i o n  o f  t h e  A n a l y t i c a l  Method
A s i n g l e  sw eat sam ple was a n a ly z e d  r e p e a t e d l y  i n  o r d e r  to  
d e te rm in e  th e  p r e c i s i o n  of t h e  m ethod. S i x t e e n  i n j e c t i o n s  w i th  
th e  Drummond m i c r o p i p e t t e  (2  yL a l i q u o t s )  gave a m ercury  
c o n c e n t r a t i o n  of 0 .9  +  0 .2  ppm (mean + a ) .  T h is  i s  e q u i v a l e n t  to  
a r e l a t i v e  s t a n d a r d  d e v i a t i o n  of 22%. Twenty i n j e c t i o n s  of th e  
same sw eat sam ple on c a rb o n  d i s k s  (1  yL a l i q u o t s )  gave a r e l a t i v e  
s t a n d a r d  d e v i a t i o n  o f  18%. The a v e ra g e  t o t a l  a b s o r p t i o n  s i g n a l  
f o r  d i r e c t  i n j e c t i o n  of 2 yL o f  sw eat was 7.6% a b s o r p t i o n ,  w i th  no 
a b s o r p t i o n  o f  t h e  d e u te r iu m  lamp s i g n a l .
5 . Com parison  o f  t h e  M ercury  C o n c e n t r a t i o n s  i n  U r ine  and i n
Sweat
U rine  sam ples  were c o l l e c t e d  i n  c o n ju n c t io n  w i th  sweat 
sam ples  from  th e  two i n d i v i d u a l s  who were sampled r e p e a t e d l y  f o r  
v a r i a b i l i t y  s t u d i e s .  Both sw eat and u r i n e  sam ples  were a n a ly z e d  
w i t h i n  t h r e e  h o u rs  o f  c o l l e c t i o n .  The c o n c e n t r a t i o n  o f  m ercury  in  
t h e s e  two e x c r e t o r y  f l u i d s  c o u ld  be compared f o r  e ach  s u b j e c t :
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these data are presented In Table 15*
The r a t i o  of m ercury  In  sweat to  m ercu ry  i n  u r in e  f l u c t u a t e d  
on a d a l l y  b a s i s  f o r  e a c h  i n d i v i d u a l .  For S u b je c t  1 ,  th e  a v e ra g e  
sw ea t t o  u r in e  r a t i o  was 0 .9  w i th  a r an g e  o f  < 0 .2  t o  2 .7 ;  f o r  
S u b je c t  2, th e  a v e ra g e  sw eat to  u r in e  r a t i o  was 1 .1  w i th  a range  
o f  < 0 .1  -  5 . 0 .  The range  of o b se rv e d  v a lu e s  f o r  t h e  m ercury  
c o n c e n t r a t i o n  in  sweat to  m ercury  c o n c e n t r a t i o n  i n  u r in e  r a t i o  was 
much g r e a t e r  f o r  S u b je c t  2 th a n  f o r  S u b je c t  1. A g r a p h i c a l  
p r e s e n t a t i o n  of th e  c o r r e l a t i o n  d a ta  f o r  S u b j e c t s  1 and 2 can be 
found  i n  F ig u r e s  29 and 30. C o r r e l a t i o n  c o e f f i c i e n t s  of 0 .8 1 5  and 
0 .4 5 1  w ere  c a l c u l a t e d  f o r  s u b j e c t s  1 and 2 ,  r e s p e c t i v e l y .
6 . E f f e c t  o f  S to ra g e  on M ercury C o n c e n t r a t i o n s  i n  Sweat
S e v e r a l  sw eat sam ples  were k e p t  a t  room te m p e r a tu r e  f o r  a 
number o f  days  a f t e r  c o l l e c t i o n  and were a n a ly z e d  a t  d i f f e r e n t  
i n t e r v a l s  t o  o b se rv e  th e  e f f e c t  of s t o r a g e  on th e  m ercu ry  concen ­
t r a t i o n .  The d a ta  a r e  p r e s e n t e d  i n  T a b le  16. No change was no ted  
a f t e r  one day of s to r a g e  bu t up to  1 0 0 % o f  th e  o r i g i n a l  m ercu ry  
p r e s e n t  was l o s t  a f t e r  2-5  d a y s .  In  one c a s e ,  a 20% i n c r e a s e  i n  
m ercu ry  was n o ted  a f t e r  2 days of s t o r a g e .  T h is  c o u ld  be due to  
l e a c h in g  ou t of m ercury  from  th e  p o ly e th y le n e  v i a l  o r  e v a p o r a t i o n  
o f  th e  sw eat m a t r ix  w i th  a r e s u l t i n g  i n c r e a s e  i n  a p p a r e n t  m ercury  
c o n c e n t r a t i o n .
D. DISCUSSION
1. G e n e ra l  C o n s i d e r a t i o n s  i n  t h e  A n a l y s i s  o f  Sweat f o r  M ercury
The u se  of t h e  q u a r t z  "T” a to m iz e r  and e i t h e r  th e  d i r e c t
Table 15
Com parison of t h e  C o n c e n t r a t i o n  of M ercury i n  U r ine  and Sweat of Two I n d i v i d u a l s
(R epea ted  Sam pling)
[Hg] i n  sw eat (ppm) /  [Hg] i n  u r i n e  (ppm)
Date S u b je c t  1 S u b je c t  2
10 /14 /81 0 . 9 / 1 . 3 = 0 .7 0 . 4 / 0 . 4 = 1 . 0
10 /29 /81 1 . 2 / 1 . 0 = 1 . 2 NS
10 /3 0 /8 1 0 . 2 / 0 . 5 = 0 .4 NS
1 1 /0 4 /8 1 0 . 7 / 0 . 5 = 1.4 NS
11 /1 8 /8 1 1 . 7 / 3 .3 = 0 .5 NS
11/30 /81 1 . 6 / 2 .3 = 0 .7 NS
0 1 /2 0 /8 2 1 / 6 / 2 . 3 = 0 .7 1 / 4 /1 .7 = 0 . 8
0 1 /2 7 /8 2 0 . 1 / 0 .3 = 0 .3 0 . 2 / 0 . 1 = 2 . 0
0 1 /2 9 /8 2 1 . 0 / 1 . 6 -  0 . 6 1 / 1 / 2 .5 = 0 .4
0 2 /0 1 /8 2 0 . 6 / 0 .3 = 2 . 0 0 . 6 / 0 . 2 = 3 .0
0 2 /1 0 /8 2 0 . 6 / 1 . 3 = 0 .5 0 . 6 / 0 . 8 = 0 . 8
0 2 /1 5 /8 2 0 . 6 / 0 . 6 = 1 . 0 0 . 5 / 0 . 5 = 1 . 0
0 3 /0 3 /8 2 0 . 8 / 0 . 3 = 0 . 2 0 . 1 / 1 . 5 = 0 . 1
0 3 /0 5 /8 2 0 . 1 / 0 . 5 = 0 . 2 ND/1.1 =<0 . 1
0 3 /1 0 /8 2 ND/0.4 =<0 . 2 0 . 5/ND =>5.0
0 3 /1 7 /8 2 0 . 7 / 0 . 3 = 2 .3 0 . 5 / 1 . 5 = 0 .3
0 3 /2 2 /8 2 0 . 3 / 0 . 4 = 0 . 8 0 . 3 / 0 .5 = 0 . 6
0 3 /2 4 /8 2 0 . 3 / 1 .1 = 0 .3 0 . 6 / 1 . 0 = 0 . 6
0 4 /0 2 /8 2 0 . 1 / 0 . 1 = 1 . 0 N.S.
0 4 /0 5 /8 2 NS 0 . 3 / 0 . 3 = 1 . 0
0 4 /1 9 /8 2 NS 0 . 5 / 1 . 6 = 0 .3
0 5 /2 4 /8 2 NS 0 . 5 / 0 . 4 = 1 . 2
0 6 /0 2 /8 2 NS 0 . 6 / 0 .5 = 1 . 2
n = 2 0 n = 18
X = 0 .9 X = 1 . 1
o = 0 .7 o = 1 . 2
ran g e = <0 . 2 - 2 . 7  ran g e = < 0 .1 -> 5 .0








FIGURE 2 9 :  CORRELATION BETWEEN MERCURY CONCENTRATIONS IN SWEAT AND IN URINE. NO GOOD CORRELATION EXISTED 
BETWEEN TOE MERCURY CONCENTRATIONS IN SWEAT AND THOSE IN URINE FOR SUBJECT 1 (CORRELATION COEFFICIENT^ 
0 . 8 1 5 ) .  THE CIRCLED DOT INDICATES OVERLAP OF TWO DATA POINTS.
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FIGURE 3 0 : CORRELATION BETWEEN MERCURY CONCENTRATIONS IN SWEAT AND IN URINE. NO CORRELATION EXISTED 
BETWEEN MERCURY CONCENTRATIONS IN SWEAT AND MERCURY CONCENTRATIONS IN URINE FOR SUBJECT 2 (CORRELATION 
COEFFICIENT -  0 A 5I  ) .
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Table 16
E f f e c t  of S to ra g e  on M ercury C o n c e n t r a t i o n s  i n  Sweat
Days from C o l l e c t i o n  % Change in
Sample 0 1 2  3 5 M ercury C o n c e n t r a t i o n
ppm Hg
1 0 . 2 0 . 2 0
2 0 . 8 ND - 1 0 0
3 0 . 1 ND - 1 0 0
4 0 . 6 0 .3 -  50
5 0 .5 0 . 6 + 2 0
6 0 .3 0 .3 0
7 0 .3 0 . 2 -  33
8 1 . 0 0 . 6 -  40
9 1 . 1 0 .5 -  45
1 0 0 .3 ND - 1 0 0
1 1 0 .3 ND - 1 0 0
ND = none d e t e c t e d  (< 0 . 1  ppm)
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i n j e c t i o n  o r  c a rb o n  d i s k  I n t r o d u c t i o n  t e c h n iq u e  a l lo w e d  th e  d i r e c t  
d e t e r m i n a t i o n  of m ercu ry  i n  sw eat by p r o v id in g  e f f i c i e n t  breakdown 
o f  th e  m a t r i x .  T h is  e l i m i n a t e d  background  a b s o rb a n c e  and th e r e b y  
e l i m i n a t e d  th e  need f o r  p r e l i m i n a r y  d i g e s t i o n  of th e  sam ple . 
S e n s i t i v i t y  was s u f f i c i e n t  t o  p e rm i t  a n a l y s i s  w i th o u t  p re c o n c e n ­
t r a t i o n  o f  th e  m ercury  i n  th e  sam p le .  The d e s c r i b e d  t e c h n iq u e  
t h e r e f o r e  a v o id e d  th e  e r r o r s  a s s o c i a t e d  w i th  sample p r e t r e a t m e n t  
and g r e a t l y  s i m p l i f i e d  th e  a n a l y t i c a l  p r o c e d u r e .
The p r e c i s i o n  of th e  a n a l y t i c a l  method was d e te rm in e d  to  be 
a p p ro x im a te ly  20% a t  th e  0 .9  ppm l e v e l .  The p r e c i s i o n  was 
c o n s id e r e d  to  be a c c e p t a b l e  t a k i n g  i n t o  a c co u n t  th e  e x t r e m e ly  
s m a l l  volume o f  sam ple I n j e c t e d  and th e  l a c k  of a doub le  beam 
a to m ic  a b s o r p t i o n  sy s te m . Drop h ang -up  was a s l i g h t  p rob lem , even 
w i th  t h e  m o d if ie d  Drummond m ic r o d i s p e n s e r  and any volume e r r o r  in  
a  1 o r  2 j j L  a l i q u o t  would r e s u l t  i n  a l a r g e  c o n c e n t r a t i o n  e r r o r .
A d o u b le -b e am  o p t i c a l  sy s tem  m igh t have  improved th e  p r e c i s i o n  by 
p r o v id i n g  s im u l ta n e o u s  background  c o r r e c t i o n .
2. C o n c e n t r a t i o n  Range f o r  M ercury i n  t h e  Sweat of 
N o n - O c c u p a t io n a l ly  Exposed I n d i v i d u a l s
A f a i r l y  norm al d i s t r i b u t i o n  of m ercu ry  i n  sw eat was found 
i n  t h e  p o p u l a t i o n  a n a ly z e d  i n  t h i s  s tu d y ,  w i th  a  mean of 0 .5  ppm 
Hg.
Only l i m i t e d  d a ta  were a v a i l a b l e  i n  th e  l i t e r a t u r e  r e g a r d in g  
t h e  l e v e l  of m ercu ry  i n  p e r s p i r a t i o n .  K u n o ^ 3  r e p o r t e d  t h a t
140
m ercu ry  c o u ld  be d i s c h a r g e d  i n  s w e a t ,  b u t  gave no c o n c e n t r a t i o n s  
o r  r e f e r e n c e s .  C o n s o la z io  e t  a l . ^ 9  e s t i m a t e d  t h a t  0 .9  yg Hg 
was l o s t  p e r  day th ro u g h  sw e a t .  I f  th e  norm al volume o f  human 
sw eat i s  t a k e n ^ ^  t o  be 3 L /d a y ,  0 .9  yg Hg/day c o r r e s p o n d s  to  
a c o n c e n t r a t i o n  o f  0 .3  ppb Hg.
The v a lu e s  o b t a in e d  f o r  m ercury  c o n c e n t r a t i o n s  i n  sweat by 
t h e  method d e s c r i b e d  h e r e i n  a re  b e l i e v e d  to  be r e a s o n a b le  and 
a c c u r a t e  because  of th e  d i r e c t  c o l l e c t i o n  of th e  sw eat sam ples  and 
t h e  d i r e c t  a n a l y s i s  t e c h n iq u e  u s e d .
3. E s t im a te d  D a i ly  E x c r e t io n  o f  M ercury Through P e r s p i r a t i o n  
The sw eat sam ples  c o l l e c t e d  f o r  t h i s  s tu d y  were c o n s id e r e d  
to  r e p r e s e n t  s e n s i b l e  p e r s p i r a t i o n .  Under th e  c o n d i t i o n s  of 
sam ple c o l l e c t i o n  ( i n  a s a u n a ) ,  i t  may be c o n s id e r e d  t h a t  maximum 
s w e a t in g  took  p l a c e .  I t  has  been e s t im a ted -^ -*  t h a t  th e  
maximum p e r s p i r a t i o n  r a t e  i s  a p p ro x im a te ly  1 .5  k g / h r .  Using th e  
mean v a lu e  of 0 .5  ppm Hg fo u n d ,  unde r  t h e s e  c o n d i t i o n s  an 
i n d i v i d u a l  w i l l  e x c r e t e  a p p ro x im a te ly  0 .7 5  mg H g /h r .  T h is  r a t e  of 
s w e a t in g  c a n n o t  be c o n t in u e d  f o r  more th a n  a  few h o u r s ,  how ever.
A n o rm a l  volume o f  a p p ro x im a te ly  3 L o f  sw eat i s  e x c r e t e d  p e r  
day by an a d u l t  male w e ig h in g  a p p ro x im a te ly  65 k g .  T h e r e f o r e ,  
u s in g  th e  mean v a lu e  o f  0 .5  ppm Hg found i n  t h i s  s t u d y ,  i t  can be 
e s t i m a t e d  t h a t  1 .5  mg Hg/day w i l l  be e x c r e t e d  th ro u g h  sw e a t .  The 
3 l i t e r s  of sw eat e x c r e t e d  pe r  day i n c l u d e s  an  e s t i m a t e d  1 l i t e r  
o f  i n s e n s i b l e  p e r s p i r a t i o n .  The c o m p o s i t io n  of I n s e n s i b l e
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p e r s p i r a t i o n  i s  th o u g h t  to  d i f f e r  from s e n s i b l e  p e r s p i r a t i o n  s in c e  
b o th  sw eat com ponents  a r e  p roduced  by d i f f e r e n t  m ec h a n ism s .^ 3  
The m ercu ry  c o n c e n t r a t i o n  may or may no t be e q u a l  i n  t h e  two 
com ponen ts .  I n  a d d i t i o n ,  i t  i s  known t h a t  th e  r a t e  o f  s w e a t in g  
a f f e c t s  t h e  c o n c e n t r a t i o n  o f  some e x c r e t e d  s u b s t a n c e s ^ ^ ;  
c h l o r i d e  c o n c e n t r a t i o n  i n c r e a s e s  w i th  i n c r e a s e d  r a t e  o f  s w e a t in g ,  
f o r  ex a m p le ,  w h i le  g lu c o s e  and amino a c id  c o n c e n t r a t i o n s  a r e  
i n v e r s e l y  r e l a t e d  to  th e  r a t e  of s w e a t in g .  Both of t h e s e  f a c t o r s  
must be k e p t  i n  mind when c o n s i d e r i n g  th e  d a ta  o b t a in e d  in  t h i s  
s t u d y .
I t  seem s, b a s e d  on th e  d a ta  r e p o r t e d  h e r e ,  t h a t  e x c r e t i o n  of 
m ercu ry  th ro u g h  p e r s p i r a t i o n  i s  a  d e f i n i t e  mode o f  e l i m i n a t i o n  of 
t h e  m e t a l .
4 . V a r i a t i o n s  i n  t h e  M ercury  C o n c e n t r a t i o n  i n  Sweat f o r  An 
I n d i v i d u a l
The m ercu ry  c o n c e n t r a t i o n  i n  sw eat was found  t o  v a ry  f o r  
a n  i n d i v i d u a l  sam pled  on d i f f e r e n t  d a y s .  As T a b le  14 showed, th e  
amount of v a r i a t i o n  was s l i g h t l y  d i f f e r e n t  f o r  t h e  two s u b j e c t s  
s t u d i e d .  The m ercu ry  c o n c e n t r a t i o n  ran g e  i n  t h e  sw eat of S u b je c t  1 
had a v a r i a n c e  o f  0 .4 0  w h i l e  t h a t  of S u b je c t  2 had a v a r i a n c e  of
0 .2 5 .
I t  was n o t  s u r p r i s i n g  t h a t  t h e  c o n c e n t r a t i o n  of m ercu ry  i n  
sw ea t v a r i e d  on a d a i l y  b a s i s .  Many f a c t o r s  c o u ld  i n f l u e n c e  t h i s  
v a r i a t i o n ,  i n c l u d i n g  d i e t ,  e x e r c i s e ,  w e a th e r ,  and th e  e f f i c i e n c y  
o f  th e  sw eat g l a n d s .  A lthough  e x t e r n a l  v a r i a t i o n s ,  f o r  example
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t h o s e  due to  a tm o s p h e r ic  d i f f e r e n c e s ,  were m in im ized  by th e  
c o l l e c t i o n  of sam ples  a lw ays unde r  th e  same c o n d i t i o n s ,  normal 
d a i l y  v a r i a t i o n s  i n  t h e  f a c t o r s  m en tioned  above c o u ld  a f f e c t  t o t a l  
p e r s p i r a t i o n  and t h e r e f o r e  d a i l y  m ercu ry  e x c r e t i o n .
5. Com parison  o f  t h e  M ercury C o n c e n t r a t i o n s  i n  Sweat and i n
U rine
I t  was of i n t e r e s t  t o  d i s c o v e r  w h e th e r  a c o r r e l a t i o n  
e x i s t e d  betw een th e  c o n c e n t r a t i o n  of m ercury  i n  sw eat and u r i n e ,  
s i n c e  b o th  f l u i d s  a r e  modes of e x c r e t i o n  i n  man. As i s  
i l l u s t r a t e d  i n  F ig u r e s  29 and 30 , no good c o r r e l a t i o n  was e v id e n t  
be tw een  th e  c o n c e n t r a t i o n  of m ercu ry  i n  t h e s e  f l u i d s  f o r  th e  two 
i n d i v i d u a l s  s t u d i e d .  S u b je c t  1 had a c o r r e l a t i o n  c o e f f i c i e n t  of
0 .8 1 5  w h i le  S u b je c t  2 had a c o r r e l a t i o n  c o e f f i c i e n t  of 0 .4 5 1 .  I t  
would a p p e a r  t h a t  a b e t t e r  c o r r e l a t i o n  betw een m ercury  l e v e l s  i n  
u r i n e  and sw eat e x i s t e d  f o r  S u b je c t  1 th a n  S u b j e c t  2. T h is  cou ld  
be due to  e x c r e t i o n  o f  d i f f e r e n t  c h e m ica l  form s o f  m ercu ry  by th e  
i n d i v i d u a l s .  I f  th e  c h e m ic a l  form o f  m ercu ry  e x c r e t e d  i n  sweat i s  
t h e  same a s  t h a t  e x c r e t e d  i n  u r i n e ,  i t  m igh t be e x p e c te d  t h a t  a 
c o r r e l a t i o n  would e x i s t  betw een th e  two l e v e l s .  On th e  o th e r  
h a n d ,  u r i n e  and sweat a r e  e x c r e t e d  by two v e ry  d i f f e r e n t  
mechanism s f o r  two v e ry  d i f f e r e n t  p u r p o s e s .  E x c r e t io n  o f  sw eat i s  
a  t e m p e r a t u r e - r e g u l a t i n g  m echanism , w h i le  e x c r e t i o n  of u r i n e  i s  a 
means o f  w as te  r em o v a l .  M oreover ,  th e  h a l f - l i f e  of m ercury  i n  the  
k id n e y  i s  much lo n g e r  t h a t  th e  h a l f - l i f e  of m ercu ry  i n  o th e r  p a r t s  
o f  t h e  body ( e x c e p t  t h e  b r a i n ) , w i th  th e  r e s u l t  t h a t  m ercury  i s
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c o n c e n t r a t e d  i n  th e  k id n e y .  T h e r e f o r e ,  i t  m ight n o t  be r e a s o n a b le  
t o  e x p e c t  a c o r r e l a t i o n  betw een u r in e  and sw eat m ercury  l e v e l s .
I f  d i f f e r e n t  c h e m ic a l  form s of m ercury  were e x c r e t e d  i n  u r in e  
and  s w e a t ,  o r  i f  t h e  c h e m ica l  form of e x c r e t e d  m ercury  v a r i e d  on 
an  i n d i v i d u a l  b a s i s ,  i t  m ight be e x p e c te d  t h a t  a n a l y s i s  by th e  
method of s t a n d a r d  a d d i t i o n s  would show d i f f e r e n c e s  i n  th e  s lo p e s  
o f  t h e  c a l i b r a t i o n  c u rv e s  f o r  d i f f e r e n t  media o r  i n d i v i d u a l s .  As 
was d i s c u s s e d  e a r l i e r  i n  t h i s  c h a p t e r ,  and i n  th e  c h a p te r  on u r in e  
a n a l y s i s ,  th e  s lo p e s  of th e  s t a n d a r d  a d d i t i o n  c a l i b r a t i o n  c u rv e s  
d id  n o t  v a r y  betw een i n d i v i d u a l s  o r  m a t r i c e s  and were i n  f a c t  
e q u a l  to  t h e  s lo p e  of t h e  aqueous m e rc u r ic  c h l o r i d e  c a l i b r a t i o n  
c u r v e .  T h is  does no t r u l e  out d i f f e r e n c e s  i n  c h e m ic a l  fo rm , b u t  
c o u ld  r e f l e c t  o n ly  th e  e f f i c i e n c y  of th e  q u a r t z  "T" a to m iz e r .  I f  
a l l  m e r c u r y - c o n ta in in g  s p e c i e s  a r e  c o m p le te ly  a to m iz e d ,  no 
d i f f e r e n c e  i n  s lo p e  would be s e e n .
D e te r m in a t io n  of t h e  e x a c t  c h e m ica l  form  of m ercu ry  i n  sweat 
and  u r i n e  was a h i g h ly  d e s i r a b l e  g o a l .  D i s c u s s io n  o f  th e  
t e c h n i q u e s  u sed  f o r  s p e c i a t i o n  a t t e m p t s  and th e  r e s u l t s  o b ta in e d  
may be found  i n  P a r t  I I  o f  t h i s  d i s s e r a t i o n .
6 . E f f e c t  o f  S to ra g e  on M ercury C o n c e n t r a t i o n s  i n  Sweat 
As can be se en  i n  T a b le  16, s i g n i f i c a n t  q u a n t i t i e s  of 
m ercu ry  a r e  l o s t  from sw eat on s to r a g e  a t  room t e m p e ra tu re  in  
capped  p o ly e th y le n e  v i a l s .  An a v e ra g e  of 50% o f  th e  o r i g i n a l  
m ercu ry  i s  l o s t  ove r  a 2 -  5 day s t o r a g e  p e r i o d .  The change i n  
m ercu ry  c o n c e n t r a t i o n  v a r i e d  from  sample to  sa m p le ;  f o r  exam ple ,
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sam p les  h e ld  f o r  two days showed changes  In  m ercury  c o n c e n t r a t i o n  
r a n g in g  from  +20% t o  -100%. Samples h e ld  f o r  f i v e  days showed 
changes  o f  -40% t o  - 1 0 0 %.
The mechanisms o f  l o s s  o f  m ercu ry  from sw eat a r e  most 
p ro b a b ly  t h e  same a s  th o s e  f o r  u r i n e :  v o l a t i l i z a t i o n  by b a c t e r i a l
a c t i o n ,  v a p o r i z a t i o n  o u t  o f  t h e  v i a l ,  and a d s o r p t i o n  on to  th e  
c o n t a i n e r  w a l l s .  Each of t h e s e  f a c t o r s  can  c o n t r i b u t e  to  
i n d i v i d u a l  v a r i a t i o n  i n  th e  l o s s  of m ercury  from  s w e a t .  The 
number and k in d  of b a c t e r i a  p r e s e n t  i n  sw eat v a ry  from s u b je c t  to  
s u b j e c t ,  and t h e r e f o r e ,  b a c t e r i a l  v o l a t i l i z a t i o n  of m ercury  m ight 
v a ry  from one s u b j e c t  t o  a n o t h e r .  V a p o r i z a t i o n  l o s s e s  from 
s o l u t i o n  w i l l  depend on th e  v o l a t i l i t y  ( i . e . ,  c h e m ic a l  form ) of 
t h e  m ercu ry  p r e s e n t  and on th e  p e r m e a b i l i t y  of t h e  v i a l ,  which 
would be c o n t r o l l e d  by w a l l  t h i c k n e s s ,  age of t h e  v i a l ,  d e n s i t y  of 
t h e  p o ly e t h y le n e  and t i g h t n e s s  o f  f i t  o f  t h e  c a p .  A d s o rp t io n  
would v a ry  w i th  th e  a c t i v e  s i t e s  on th e  v i a l  w a l l ,  which a r e  
p ro b a b ly  d e p e n d en t  on th e  c l e a n in g  p r o c e s s  u s e d ,  p h y s i c a l  
d i f f e r e n c e s  i n  t h e  w a l l  s u r f a c e  from v i a l  t o  v i a l  and s i m i l a r  
f a c t o r s .
E. CONCLUSIONS AND SUMMARY
1. The use  of th e  q u a r t z  "T" a to m iz e r  t o g e t h e r  w i th  d i r e c t  
i n j e c t i o n  or sample i n t r o d u c t i o n  on a c a rb o n  d i s k  was a  s im ple  and 
r e l i a b l e  t e c h n iq u e  f o r  th e  d i r e c t  a n a l y s i s  o f  sw eat s a m p le s .  
E f f i c i e n t  breakdown of th e  sample e l i m i n a t e d  background  
a b s o r p t i o n ,  so  t h a t  p r e t r e a t m e n t  o f  t h e  sam ple was n o t  r e q u i r e d .
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The method was s u f f i c i e n t l y  s e n s i t i v e  so t h a t  p r e c o n c e n t r a t i o n  of
t h e  sample was u n n e c e s s a ry .
2 . The a v e ra g e  c o n c e n t r a t i o n  of m ercury  i n  th e  sw eat o f  the  
sam pled  p o p u l a t i o n  was found to  be 0 .5  ppm. The s u b j e c t s  were
members o f  t h e  u n i v e r s i t y  community and were not c o n s id e r e d  to  be
o c c u p a t i o n a l l y  exposed  t o  m ercu ry .  The r e l a t i v e  s t a n d a r d  
d e v i a t i o n  of t h e  method was a p p ro x im a te ly  2 0 %.
3. The c o n c e n t r a t i o n  of m ercury  i n  th e  sw eat of an  i n d i v i d u a l  
v a r i e d  on a d a i l y  b a s i s .  T h is  v a r i a t i o n  was a p p ro x im a te ly  
71-75%.
4. The a p p ro x im a te  r a t e  o f  e x c r e t i o n  of m ercu ry  th ro u g h  
p e r s p i r a t i o n  under c o n d i t i o n s  o f  p r o fu s e  s w e a t in g  was c a l c u l a t e d  
t o  be 0 .7 5  m g /h r .
5 . I f  i t  was assumed t h a t  th e  c o m p o s i t io n  of i n s e n s i b l e  sweat 
was th e  same a s  s e n s i b l e  s w e a t ,  th e  a v e ra g e  t o t a l  m ercury  
e x c r e t i o n  th ro u g h  sw eat was e s t i m a t e d  t o  be 1 .5  m g/day .
6 . No g e n e r a l  c o r r e l a t i o n  was o b se rv e d  betw een th e  d a i l y  
f l u c t u a t i o n s  i n  u r i n e  and sw eat m ercury  l e v e l s .
7 . The s lo p e s  o f  t h e  s t a n d a r d  a d d i t i o n  c a l i b r a t i o n  c u rv e s  f o r  
u r i n e  and sw eat were s i m i l a r  f o r  th e  s u b j e c t s  s t u d i e d .  T h is  
i n d i c a t e d  t h a t  th e  m a t r ix  e f f e c t s  were s i m i l a r  f o r  th e  two ty p e s  
o f  sam ples  and t h a t  th e  m ercury  e x c r e t e d  th ro u g h  th e s e  f l u i d s  may 
be i n  t h e  same ch e m ica l  form .
8 . M ercury i n  sw eat i s  l o s t  on s to r a g e  a t  room t e m p e r a t u r e ,  
w i th  as  much a s  1 0 0 % o f  th e  o r i g i n a l  m ercury  p r e s e n t  l o s t  o v e r  a 
2 -5  day p e r i o d .
CHAPTER 4
THE DIRECT DETERMINATION OF MERCURY IN WHOLE BLOOD AND SERUM
A. INTRODUCTION
1. The Use o f  Whole Blood and Serum a s  B i o l o g i c a l  I n d i c a t o r s  
o f  M ercury  E xposure
D e s p i te  th e  w id e s p re a d  use  of m ercury  c o n c e n t r a t i o n s  in  
b lood  i n  th e  e v a l u a t i o n  o f  human e x p o s u re  to  m e rc u ry ,  l i t t l e  work 
h a s  been done t o  e s t a b l i s h  a  "norm al"  ran g e  o f  c o n c e n t r a t i o n .  
P u b l i s h e d  e x p e r i m e n t a l  r e s u l t s  have i n d i c a t e d  t h a t  th e  c o r r e l a t i o n  
betw een  m ercu ry  e x p o s u re  and c o n c e n t r a t i o n  i n  b lood  i s  n o t  f i r m l y  
e s t a b l i s h e d .  The c o r r e l a t i o n  depended s t r o n g l y  on th e  ch e m ica l  
form  o f  t h e  m ercury  e x p o s u re ,  among o th e r  t h i n g s .  Whole b lood  and 
i t s  com ponen ts ,  r e d  b lood  c e l l s  (RBCs), p lasm a and se rum , have 
been  s t u d i e d  i n  a t t e m p t s  t o  e l u c i d a t e  th e  m e ta b o lism  o f  m ercury  in  
t h e  human body.
Whole b lood  i s  a v e ry  c o m p l ic a te d  sample m a t r i x . 145 I t  
c o n s i s t s  of c e l l u l a r  e le m e n ts  ( r e d  and w h i te  b lood  c e l l s  and 
p l a t e l e t s ) ,  p r o t e i n s ,  c a r b o h y d r a t e s ,  l i p i d s  and i n o r g a n i c  i o n s .
The s p e c i f i c  g r a v i t y  o f  whole b lood  i s  1 .06  and th e  v i s c o s i t y  i s  
a b o u t  6  t im e s  t h a t  of w a t e r .  The m ajor  i o n s  p r e s e n t  i n  b lood  
i n c l u d e  s o d iu m ,p o ta s s iu m ,  m agnesium , c a lc iu m ,  c h l o r i d e ,  p h o s p h a te ,  
b i c a r b o n a t e  and s u l f a t e .  T a b le  17 p r e s e n t s  some s e l e c t e d  
c o n s t i t u t e n t s  o f  whole human b lo o d . 1-45
Red b lood  c e l l s ,  o r  e r y t h r o c y t e s ,  have a membrane composed of
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T a b le  17
145S e l e c t e d  C o n s t i t u e n t s  o f  Human Blood Plasma 
O rg an ic  C o n s t i t u e n t s  Normal Range (mg/100
P r o t e i n 5700 -  8000
Amino A cids 35 -  65
C y s t in e 0 .8  -  5 .0
G lu tam ic  Acid 0 .4  -  4 .4
G lu tam ine 4 .5  -  10
M ethiomine 0 . 2  -  1 . 0
Urea 20 -  30
G lucose 65 -  90
P o l y s a c c h a r i d e s 70 -  105
L ip id s 285 -  675
C h o l e s t e r o l 130 -  260
I n o r g a n i c  C o n s t i t u e n t s Normal Range (meq/L)
Sodium 132 -  150
P o ta ss iu m 38 -  5 .4
C alc ium 4 .5  -  5 .6
Magnesium 1 . 6  -  2 . 2
I r o n 0 .0 0 9  -  0 .0 3 2
Copper 0 . 0 0 1  -  0 . 0 0 2
C h lo r id e 1 1 0  -  1 1 0
B ic a rb o n a te 24 -  30
P h o sp h a te 1 .6  -  2 .7
S u l f a t e 0 .7  -  1 .5
I o d in e 0 .0 0 0 6  -  0 . 0 0 1
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49% p r o t e i n ,  44% l i p i d  and 7% c a r b o h y d r a t e ,  and a p p ro x im a te ly  6  nm 
t h i c k .  P o ta ss iu m  i s  th e  c h i e f  c a t i o n  i n  RBCs w h i le  c h l o r i d e  i s  
th e  c h i e f  a n io n .  O ther  m ajor  c o n s t i t u e n t s  o f  RBCs a r e  sodium , 
c a lc iu m ,  m agnesium, b i c a r b o n a t e ,  hem oglob in  and 2 , 3 - d ip h o s p h o -  
g l y c e r a t e .  Red blood c e l l s  can  be s e p a r a t e d  from whole blood by 
a d d i t i o n  of an  a n t i c o a g u l a n t  and c e n t r i f u g a t i o n .
Plasm a i s  t h e  c l e a r  y e l l o w i s h  s u p e r n a t a n t  o b t a in e d  from 
c e n t r i f u g e d  u n c o a g u la te d  w hole b lo o d .  A l l  th e  c e l l u l a r  e le m e n ts  
have been rem oved, b u t  p lasm a s t i l l  c o n ta i n s  f i b r i n o g e n .  Serum i s  
th e  c l e a r ,  y e l l o w i s h  s u p e r n a t a n t  o b t a in e d  from  c l o t t e d  b lo o d ;  a l l  
c e l l u l a r  e le m e n ts  and f i b r i n o g e n  have been removed. S o lu te s  
c o n s t i t u t e  10% o f  th e  volume of p lasm a . These s o l u t e s  a r e  7% 
p r o t e i n  and 0.9% i n o r g a n i c  s a l t s ,  w i th  th e  re m a in d e r  be ing  
n o n - p r o t e i n  o r g a n ic  m a t e r i a l .
Whole b lood  i s  c a p a b le  of a b s o rb in g  m ercury  v a p o r  and r a p i d l y  
o x i d i z i n g  i t  t o  m e rc u r ic  m erc u ry .  Magos®! s t u d i e d  th e  in  
v i t r o  u p ta k e  of m ercury  v a p o r  i n  plasm a and r e d  b lood  c e l l s .  Only 
8 % o f  t h e  m ercu ry  r e t a i n e d  by th e  b lood  was i n  t h e  e l e m e n ta l  form 
5 m in u te s  a f t e r  e x p o s u re .  S in c e  th e  t o t a l  c i r c u l a t i o n  tim e i n  man 
i s  abou t  2 2  s e c o n d s ,  a l a r g e  p a r t  of any e l e m e n t a l  m ercu ry  ta k e n  
up by th e  b lood  would be i n  t h e  e l e m e n ta l  form  when c i r c u l a t i n g  
b lo o d  e n t e r s  b r a i n  v e s s e l s .  I t  has  been  p roposed® ! t h a t  red  
b lood  c e l l s  s e rv e  a s  a c c u m u la to r s  and g e n e r a t o r s  o f  H g°, c a p a b le  
o f  i n t e r c o n v e r s i o n  of Hg° and  Hg^+ . R e le a s e  of e a s i l y  
d i f f u s i b l e  Hg° from  t h e s e  c e l l s  would be r e s p o n s i b l e  f o r  th e
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g r e a t e r  p e n e t r a t i o n  of m ercury  i n t o  th e  b r a i n  a f t e r  vapo r  e x p o su re  
t h a n  a f t e r  e x p o su re  to  o th e r  form s o f  m e rc u ry .  C la rk s o n  e t  
a l . ^ 7 0  found  t h a t  m ercury  v a p o r  was t a k e n  up f a s t e r  by 
hem og lob in  s o l u t i o n s  and RBCs th a n  by p lasm a .  These r e s u l t s  were 
c o n fi rm e d  by B e r l i n  e t  al.,-*-71 who o b se rv e d  67-84% o f  m ercury
i n  b lood  bound t o  RBCs a f t e r  Hg° e x p o s u re  compared to  25-31% bound
t o  c e l l s  a f t e r  i n t r a v e n o u s  i n j e c t i o n  o f  m e r c u r ic  i o n .  They 
p o s t u l a t e d  t h a t  n o n - p o la r  m ercury  v a p o r  m ight d i s s o l v e  i n  th e  
l i p i d  s t r u c t u r e s  o f  th e  e r y t h r o c y t e s .
I n o r g a n i c  m ercury  i s  a b so rb e d  i n t o  th e  p lasm a p r o t e i n s . ^72 
Due t o  th e  r a p i d i t y  o f  o x i d a t i o n ,  m ost m ercury  i n  th e  b lood  a f t e r  
m ercu ry  v a p o r  e x p o s u re  i s  e x p e c te d  to  be i n  th e  m e r c u r ic  form . 
M e rc u r ic  io n  has  been shown t o  be e q u a l l y  d i s t r i b u t e d  betw een  the
RBCs and th e  p lasm a a t  e q u i l i b r i u m .  At l e a s t  p a r t  o f  th e
i n o r g a n i c  m ercu ry  i n  e r y t h r o c y t e s  exposed  t o  m e rc u r ic  c h l o r i d e  i n  
v i t r o  was found i n  a p r o t e i n  f r a c t i o n  m ig r a t i n g  l i k e  hem oglob in  on
p a p e r  e l e c t r o p h o r e s i s . 170 F a r v a r  and Cem berl73 showed
t h a t  a lbum in  and g l o b u l i n  f r a c t i o n s  o f  p lasm a c o n ta i n e d  m erc u ry .  
A f t e r  e x p o su re  t o  i n o r g a n i c  m e rc u ry ,  i t s  c o n c e n t r a t i o n  i n  blood 
was h i g h ,  b u t  d im in is h e d  r a p i d l y  w i th  time.-*-® No u s e f u l  
c o r r e l a t i o n  has  been found betw een  c o n c e n t r a t i o n s  of m ercury  i n  
b lood  and e x p o su re  t o  m ercury  v a p o r  or i n o r g a n i c  m ercury  com­
pounds .
Exposure  t o  o rganom ercury  compounds r e s u l t e d  i n  a d i f f e r e n t  
d i s t r i b u t i o n  of m ercu ry  i n  b lood t h a n  t h a t  found a f t e r  i n o r g a n i c
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m ercu ry  e x p o s u re .  A lk y l  m ercury  compounds have a much h ig h e r  
a f f i n i t y  f o r  r e d  b lood  c e l l s  th a n  f o r  p l a s m a . 1 7 4 , 1 7 5  Aberg e t
a l .^ -7 4  found  a b o u t  t e n  t im e s  more m ercury  i n  RBCs th a n  i n
plasm a a f t e r  o r a l  a d m i n i s t r a t i o n  o f  m e thy lm ercu ry  to  human
v o l u n t e e r s .  B erg lund  and B e r l i n ^ 7 5  r e p o r t e d  t h a t  a t  l e a s t  9 0 %
of th e  m eth y lm ercu ry  found i n  th e  b lood  of s e v e r a l  an im al  s p e c i e s  
was bound t o  th e  r e d  b lood  c e l l s .  The f r a c t i o n  of m ethy lm ercu ry  
i n  th e  p lasm a v a r i e d  a c c o r d in g  t o  s p e c i e s :  1 0 % i n  man and
r a b b i t s ,  4 . 5 %  i n  r a t s ,  f o r  exam ple . Takeda e t  a l . * 7 6  showed 
t h a t  m ercu ry  i n  b lood  a f t e r  a d m i n i s t r a t i o n  of e th y lm e rc u ry  s a l t s  
was p r e s e n t  a lm o s t  e x c l u s i v e l y  a s  e th y lm e r c u ry  bound to  a 
c o n s i d e r a b l e  d e g re e  t o  t h e  hem oglob in  i n  r e d  c e l l s .  Exposure  to  
m onom ethylm ercury  r e s u l t e d  i n  h ig h  b lood  l e v e l s  f o r  a c o n s id e r a b l e  
t im e  a f t e r  e x p o s u re .  The b i o l o g i c a l  h a l f - l i f e  of m ethy lm ercu ry  in  
b lood  has  been e s t i m a t e d  by r a d i o t r a c e r  s t u d i e s  to  be 5 0 - 7 0  
d a y s . - ^ 7 , 1 7 7 , 1 7 8  B i00d was found t o  c o n ta i n  5 - 1 0 %  o f  th e  
m e th y lm e rc u ry .  S in ce  m ethy lm ercu ry  i s  on ly  s lo w ly  e l i m i n a t e d  and 
t h e  c o n c e n t r a t i o n  r a t i o  betw een m ercury  i n  RBCs and plasm a i s  
a p p r o x im a te ly  e q u a l  to  1 0  (com pared  t o  a r a t i o  of 1  f o r  i n o r g a n i c  
m ercu ry  e x p o s u r e ) ,  b lo o d  m ercury  l e v e l s  can p r o v id e  a  good 
i n d i c a t o r  o f  m e th y lm ercu ry  e x p o s u re .
The r e l a t i o n s h i p  of m ercu ry  l e v e l s  i n  b lood  t o  o th e r  
o rg an o m ercu ry  e x p o su re  i s  n o t  c l e a r .  Ostlund®^ found  low 
l e v e l s  o f  m ercu ry  i n  b lood  a f t e r  a d m i n i s t r a t i o n  of d im e th y lm erc u ry  
t o  m ice .  The d im e th y lm erc u ry  was r e a d i l y  t r a n s p o r t e d  to  f a t
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d e p o s i t s  and d id  n o t  rem ain  i n  th e  b lo o d .  Aberg e t  a l.* -^4  
s t a t e d  t h a t  a ry lm e rc u ry  compounds were l a r g e l y  bound to  red  b lood  
c e l l s ,  b u t  o th e r  a u t h o r s * ^  have found an even d i s t r i b u t i o n  
be tw een  re d  b lood  c e l l s  and plasm a a f t e r  e x p o su re  to  t h e s e  
compounds.
I t  h a s  been shown*® t h a t  m ercury  c o n c e n t r a t i o n  r a t i o s  
b e tw een  b lood  and b r a i n  and betw een b lood  and k id n e y  changed w i th  
t im e  a f t e r  an e x p o s u re  and d u r in g  a s e r i e s  of e x p o s u r e s .
T h e r e f o r e ,  m ercu ry  c o n c e n t r a t i o n s  i n  b lood  a r e  no t u s e f u l  a s  
i n d i c e s  o f  a c c u m u la t io n  o f  m ercu ry  i n  c r i t i c a l  o r g a n s ,  e s p e c i a l l y  
a f t e r  e x p o s u re  t o  i n o r g a n i c  m ercu ry .  M ercury l e v e l s  i n  b lood 
r e f l e c t  m a in ly  r e c e n t  e x p o s u re .  On a group b a s i s  t h e r e  i s  a 
r e a s o n a b ly  good c o r r e l a t i o n  betw een r e c e n t  m ercury  e x p o su re  and 
b lood  l e v e l s . *^2 However, b lo o d  c o n c e n t r a t i o n s ,  p a r t i c u l a r l y  
h ig h  c o n c e n t r a t i o n  r a t i o s  be tw een m ercury  i n  c e l l s  and p lasm a ,  a r e  
th e  b e s t  i n d i c a t i o n  of e x p o su re  to  m ethy lm ercu ry .*®
M ercury l e v e l s  i n  serum have not been used  e x t e n s i v e l y  to  
e v a l u a t e  e x p o s u re  t o  m e r c u r y ,*^9 b u t  th e  m ercu ry  l e v e l s  sh ou ld  
n o t  d i f f e r  s i g n i f i c a n t l y  from  th o s e  found i n  p lasm a .
2. "Normal" L e v e ls  o f  M ercury i n  Blood
Data  on m ercury  l e v e l s  i n  th e  b lood  of a " n o rm a l ,"  t h a t  
i s ,  n o n - o c c u p a t i o n a l l y  e x p o s e d ,  a d u l t  p o p u l a t i o n  a r e  s c a r c e .  An 
i n t e r n a t i o n a l  s tu d y  was c o n d u c te d  by th e  World H e a l th  O r g a n iz a t i o n  
i n  1964 .^3  whole b lood  sam ples  were c o l l e c t e d  i n  15 c o u n t r i e s  
and w ere  a n a ly z e d  i n  one l a b o r a t o r y .  The d i t h i z o n e - e x t r a c t i o n ,
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c o ld  v a p o r - a to m ic  a b s o r p t i o n  method of J a c o b s  e t  a l . ^ 2  was 
u s e d .  E ig h t  hund red  and tw e lv e  sam ples of whole b lood  were 
a n a ly z e d .  S e v e n ty - s e v e n  p e r c e n t  of a l l  sam ples  were found to  have 
a m ercury  c o n c e n t r a t i o n  o f  l e s s  th a n  5 ppb ( t h e  a n a l y t i c a l  z e ro  of 
t h e  m e th o d ) .  N i n e t y - f i v e  p e rc e n t  of a l l  sam ples had a m ercury  
c o n c e n t r a t i o n  o f  l e s s  th a n  30 ppb. L e v e ls  g r e a t e r  th a n  100 ppb 
were found  i n  1.5% o f  th e  s a m p le s .  A s tu d y  of 382 a d u l t s  not 
o c c u p a t i o n a l l y  exposed  to  m ercury  was c o n d u c te d  by Sm ith e t  
a l . ^ ^  Blood sam ples  were a n a ly z e d  by th e  same d i th izone-A A S  
method used  i n  t h e  s tu d y  d i s c u s s e d  above . M ercury c o n c e n t r a t i o n s  
o f  l e s s  th a n  0 .0 1  ppm w ere  found i n  69.3% o f  t h e  s a m p le s ;  
c o n c e n t r a t i o n s  o f  0 .0 1 - 0 .0 5  ppm w ere  found i n  30.7% o f  th e  
s a m p le s .
The d i th izone -A A S  method o f  J a c o b s  e t  a l . ^ 2  wh i c h  was 
u sed  t o  o b t a i n  th e  above d a ta  w i l l  be d i s c u s s e d  below i n  th e  
s e c t i o n  on m ethods of a n a l y s i s  f o r  b lood  s a m p le s ,  b u t  i t  s h o u ld  be 
em phasized  h e re  t h a t  th e  v a lu e s  o b ta in e d  by t h i s  method a r e  a lm o s t  
c e r t a i n l y  to o  low. The method o n ly  r e q u i r e d  p a r t i a l  o x i d a t i o n  of 
t h e  b lood  m a t r ix .  I t  has  been s h o w n ^ 3 ,1 8 0  t h a t  in c o m p le te  
o x i d a t i o n  o f  o r g a n ic  m a t e r i a l  r e s u l t s  i n  in c o m p le te  e x t r a c t i o n  of
m ercu ry  by d i t h i z o n e .
181Suzuki e t  a l .  d e te rm in e d  m ercury  c o n c e n t r a t i o n s  i n  th e  b lood  
c e l l s  and p lasm a o f  n in e  p re g n a n t  women w i th  no h i s t o r y  of m ercury  
e x p o s u re .  They found  2 2 .9  ng Hg/ml i n  th e  r e d  c e l l s  and 1 2 .4  ng 
Hg/ml i n  p lasm a .  D ata  from Sweden® on m ercury  l e v e l s  i n  b lood
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c e l l s  and p lasm a have found 2-5  ng Hg/g b lood  c e l l s  and 1 .3  ng 
Hg/g p lasm a i n  non -ex p o sed  s u b j e c t s .
E xposure  t o  m e th y lm ercu ry  th ro u g h  i n g e s t i o n  o f  c o n ta m in a te d  
f i s h  r e s u l t e d  i n  i n c r e a s e d  l e v e l s  o f  m ercu ry  i n  b lo o d .  
C o n c e n t r a t i o n s  o f  7-248 ppb Hg i n  whole b lood  have been r e p o r t e d  
f o l l o w i n g  such  e x p o s u r e s . 182-184 M ercury c o n c e n t r a t i o n s  of 
2 - 2 0  ppb i n  r e d  b lood  c e l l s  f o l l o w in g  m eth y lm ercu ry  e x p o s u re s  have 
been  r e p o r t e d  w i th  v a lu e s  o f  o n ly  2 -3  ppb found i n  p l a s m a .2 ,1 0  
Workers' i n  a c h l o r i n e  p l a n t  who were o c c u p a t i o n a l l y  exposed  to  
e l e m e n t a l  m ercu ry  v a p o r  were s tu d i e d  by Smith e t  a l . 1 ^ 2  
Alm ost h a l f  o f  th e  567 w o rk e rs  had c o n c e n t r a t i o n s  i n  whole b lood  
o f  > 0 .1 0  ppm Hg, which was a t  l e a s t  t e n  t im e s  h ig h e r  th a n  
n o n -e x p o s e d  c o n t r o l s .  C o n c e n t r a t i o n s  i n  serum of 1 . 9 - 2 . 9  ppm Hg 
were found  i n  f i v e  s u b j e c t s  who had i n g e s t e d  m ethy lm ercu ry  
c o n ta m in a te d  p o rk .
In  g e n e r a l ,  wide v a r i a t i o n s  have been r e p o r t e d  i n  
c o n c e n t r a t i o n s  o f  m ercu ry  i n  b lo o d ,  p lasm a and serum . Many 
s t u d i e s  d id  n o t  g iv e  a d e q u a te  i n f o r m a t io n  r e g a r d in g  th e  p o p u l a t io n  
sam p led  o r  th e  method of a n a l y s i s  t o  a l lo w  m e a n in g fu l  c o n c lu s io n s  
t o  be draw n. Many o f  t h e  t e c h n iq u e s  used  f o r  a n a l y s i s  u n d o u b te d ly  
gave low r e s u l t s  be c au se  o f  i n e f f i c i e n t  e x t r a c t i o n  p r o c e d u r e s .
A l l  t h a t  can be s a i d  i s  t h a t  low e s t i m a t e s  o f  m ercury  
c o n c e n t r a t i o n s  i n  a n o n -exposed  p o p u l a t i o n  a r e  0 .0 3 - 0 .0 5  ppm in  
w hole  b lood  and 0 . 0 1  ppm i n  p lasm a .
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3. A n a l y t i c a l  P rob lem s I n  t h e  D e te rm in a t io n  o f  M ercury I n
Blood and Serum
Prob lem s In  th e  a n a l y s i s  of b lood  and serum  b e g in  w i th  
c o l l e c t i o n  of t h e  sam p le .  N eed les  and s y r i n g e s  can  c o n ta m in a te  
th e  sam ple i f  th e y  a r e  n o t  p r o p e r l y  c le a n e d .  T ra ce  m e ta l s  i n  th e  
b lo o d  sam ple can be a b s o rb e d  on to  t h e  w a l l  o f t h e  s y r i n g e  n e e d le  
and th e r e b y  l o s t  from s o l u t i o n .  Blood sam ples a r e  d i f f i c u l t  to  
s t o r e .  An a n t i c o a g u l a n t ,  such  as  d iso d lu m  EDTA o r  p o ta s s iu m  
o x a l a t e ,  m ust be added to  whole b lood  sa m p le s .  A n t i c o a g u l a n t s  a r e  
o f t e n  c h e l a t i n g  a g e n t s ,  w hich p re v e n t  c l o t t i n g  by b in d in g  c a lc iu m  
i o n .  Such a g e n ts  a r e  d i f f i c u l t  to  p u r i f y  o f  t r a c e  m e ta l  
c o n ta m in a n t s  and can add to  th e  m e ta l  c o n c e n t r a t i o n  i n  a sam ple .  
Blood c o l l e c t i o n  tu b e s  and ru b b e r  s to p p e r s  can  c o n ta m in a te  a 
sample, w i th  e x c e s s  m e t a l s  o r  a d s o rb  m e ta l s  from s o l u t i o n .  C are  
must be t a k e n  to  a v o id  l o s s  o f  v o l a t i l e  m ercury  compounds from 
sam p les  d u r in g  s t o r a g e .  Use o f  a c h e l a t i n g  a g e n t  a s  an 
a n t i c o a g u l a n t  can  h e lp  by b in d in g  some c h e m ic a l  form s of m ercu ry  
and p r e v e n t in g  v o l a t i z a t i o n  and a d s o r p t i o n .  Sam ples s h o u ld  be 
r e f r i g e r a t e d  f o r  s h o r t - t e r m  s t o r a g e  and f r o z e n  f o r  lo n g - t e r m  
s t o r a g e .
The v a r i a b l e  and dense  m a t r ix  o f  b lood  c a u s e s  d i f f i c u l t i e s  in  
a n a l y s i s .  Blood c o n t a i n s  h ig h  c o n c e n t r a t i o n s  o f  i n o r g a n i c  i o n s ,  
a s  can be s e e n  i n  T a b le  17. The p r i n c i p a l  c a t i o n s  a r e  sodium and 
p o ta s s iu m ;  t h e  p red o m in an t  a n io n  i s  c h l o r i d e .  Blood a l s o  c o n ta i n s  
numerous and d i v e r s e  o r g a n ic  compounds such  as  l i p i d s ,  c a rb o h y ­
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d r a t e  and p r o t e i n s  o f  a wide ran g e  o f  m o le c u la r  w e i g h t s . 1^5 
These com ponents can c a u se  a n a l y t i c a l  i n t e r f e r e n c e s  when th e  
m a t r i x  i s  n o t  c o m p le te ly  decomposed. High m o le c u la r  background 
a b s o r p t i o n  can  be a prob lem  i n  a to m ic  s p e c t r o s c o p i c  m eth o d s ,  s in c e  
i t  l i m i t s  bo th  th e  s e n s i t i v i t y  and th e  a c c u r a c y  of th e  m ethod.
The v a r i a b l e  and complex m a t r ix  makes i t  i m p r a c t i c a l ,  i f  no t 
i m p o s s i b l e ,  t o  c r e a t e  s t a n d a r d  s o l u t i o n s  r e p r e s e n t a t i v e  of th e  
s a m p le .  T h is  s i g n i f i c a n t l y  c o m p l ic a t e s  c a l i b r a t i o n  p r o c e d u r e s .
The v i s c o s i t y  o f  b lood  sam ples  makes i t  d i f f i c u l t  t o  o b t a i n  
r e p r o d u c i b l e ,  r e p r e s e n t a t i v e  sample a l i q u o t s  u s in g  m i c r o p i p e t t e s .
Most c u r r e n t  m ethods of a n a l y s i s  i n c l u d e  p r e t r e a t m e n t  of the  
b lo o d  sam ple t o  d e s t r o y  t h e  o r g a n ic  m a t e r i a l .  Wet d i g e s t i o n  of 
t h e  sam ple w i th  c o n c e n t r a t e d  m in e r a l  a c id  and an o x i d i z i n g  ag e n t  
su ch  a s  p o ta s s iu m  perm angana te  i s  commonly em ployed . The d a n g e rs  
o f  sam ple c o n ta m in a t io n  from added r e a g e n t s  and l o s s  of m ercury  on 
h e a t i n g  sam ple  d i g e s t s  a r e  s i g n i f i c a n t .  Dry a s h in g  p ro c e d u re s  
s h o u ld  n o t  be used  when m ercury  c o n c e n t r a t i o n s  a r e  to  be m easu red . 
V a p o r i z a t i o n  l o s s e s  p r i o r  to  t h e  a to m iz a t io n  s t a g e  r e s u l t  i n  
s e r i o u s  n e g a t i v e  e r r o r s  i n  th e  d e t e r m i n a t i o n  o f  m ercury  by 
g r a p h i t e  fu rnace-A A S.
4. Common Methods f o r  t h e  D e te rm in a t io n  o f  M ercury i n  Whole 
Blood and Serum
Most o f f i c i a l  or recommended p r o c e d u r e s 2 ,180  f o r  t ^ e 
d e t e r m i n a t i o n  of m ercury  i n  b i o l o g i c a l  sam ples  have been wet 
o x i d a t i o n - d l t h i z o n e  e x t r a c t i o n  c o l o r i m e t r i c  m ethods .  An example
156
o f  t h i s  ty p e  o f  p ro c e d u re  f o r  th e  a n a l y s i s  of b lood  sam ples  was 
r e p o r t e d  by M ik e t tu k o v a  and K acl.^® ^ Blood was d i g e s t e d  w i th  
H2 SO4 /HNO3  i n  a f l a s k  w i th  a r e f l u x  c o n d e n s e r .  P o ta ss iu m  
p e rm angana te  was added to  f i n i s h  th e  o x i d a t i o n .  The d i g e s t  was 
t r e a t e d  w i t h  u r e a  to  remove n i t r o u s  g a se s  and w i th  GDTA t o  mask 
i n t e r f e r e n c e s .  M ercury was e x t r a c t e d  as  th e  d i t h i z o n a t e  i n t o  
c h lo r o f o rm  and m easured  by c o l o r i m e t r y .  The d e t e c t i o n  l i m i t  was
0 .2  ppm Hg.
The most c u r r e n t  m ethods f o r  th e  d e t e r m i n a t i o n  of m ercury  i n  
b lo o d  a r e  n e u t r o n  a c t i v a t i o n  a n a l y s i s  and a to m ic  a b s o r p t i o n  
s p e c t r o s c o p y .
N eu tro n  a c t i v a t i o n  a n a l y s i s ^ » 1 8 3 , 184 ^ as  t e e n  USed as  a 
h i g h l y  s p e c i f i c  and s e n s i t i v e  method f o r  th e  a n a l y s i s  of b lood  f o r  
m e rc u ry .  Samples were u s u a l l y  s e a l e d  i n  q u a r t z  o r  p o ly e th y le n e  
v i a l s  and i r r a d i a t e d  w i th  n e u t r o n s  to  c o n v e r t  ^ ^ H g  to  ^ ^ H g .
The 197ng( a r a d i o a c t i v e  i s o t o p e  w i th  a 6 5 -h r  h a l f - l i f e ,  was 
i d e n t i f i e d  w i t h  a  m u l t i c h a n n e l  a n a ly z e r  and G e(L i)  d e t e c t o r .  
P o s t - i r r a d i a t i o n  s e p a r a t i o n  of m ercury  was n e c e s s a r y  because  of 
t h e  low c o n c e n t r a t i o n s  p r e s e n t  and th e  i n t e r f e r e n c e s  due to  r a d i o ­
a c t i v i t i e s  p ro d u ced  by o th e r  com ponents . M ercury can be l o s t  from 
sam p les  by v o l a t i l i z a t i o n  d u r in g  i r r a d i a t i o n . ^ ^  S i g n i f i c a n t  
d i s a d v a n t a g e s  to  t h i s  method in c lu d e d  e x c e s s i v e  equ ipm ent c o s t  
r e l a t i v e  t o  o t h e r  m e th o d s ,  th e  need f o r  a n e a rb y  n e u t r o n  so u rc e  
and an i n a b i l i t y  t o  d e te rm in e  th e  c h e m ica l  form of m ercu ry  in  
s a m p l e s . ^5
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Flame a tom ic  a b s o r p t i o n  s p e c t r o s c o p y  has  been used  to  d e t e r ­
mine m ercury  I n  whole b lood  and serum . A v a r i e t y  o f  sample p r e ­
t r e a tm e n t  s t e p s  have been  u s e d .  Berman-*® p r e c i p i t a t e d  p r o t e i n  
from sam ples  w i th  t r i c h l o r o a c e t i c  a c id  and a d j u s t e d  th e  pH o f  th e  
s u p e r n a t a n t  to  2 . 8 - 3 . 5 .  M ercury was e x t r a c t e d  w i th  APDC i n t o  
MIBK. The MIBK l a y e r  was a s p i r a t e d  i n t o  an o x i d i z in g  f la m e .  A 
s e n s i t i v i t y  of 0 .1  ppm was r e p o r t e d ,  w i th  95-105% r e c o v e r y  from 
s p ik e d  s a m p le s .  L a t e r  work by S c h u l e r t  e t  a l . ^ 8  showed t h a t  
p r e c i p i t a t i o n  w i th  t r i c h l o r o a c e t i c  a c id  and e x t r a c t i o n  w i th  APDC/ 
MIBK o n ly  r e c o v e r e d  2-10% o f  added r a d i o t r a c e r  m e rc u ry .  C u r le y  e t  
a l . - ^ 9  a n a ly z e d  serum by flame-AAS. Samples w e ig h in g  5 .4 - 3 6 .5  
g were r e f l u x e d  f o r  one and a h a l f  h o u rs  w i th  HC1 and HNO3 .
The pH was a d j u s t e d  t o  2 . 5 - 3 . 5  w i th  NaOH and  th e  m ercury  was 
c h e l a t e d  and e x t r a c t e d  w i th  t h r e e  p o r t i o n s  o f  APDC i n  MIBK. The 
volume o f  MIBK was re d u c e d  from 150 mL t o  4 -20  mL and  s o l u t i o n s  
were a s p i r a t e d  i n t o  an  a i r - H 2  f lam e  u s in g  a t o t a l  consum ption  
b u r n e r .  A m e r c u r y - c o n ta i n in g  g u a n id in e  compound was u sed  as  a 
s t a n d a r d  to  s im u la t e  p r o t e i n  bound m erc u ry ;  s t a n d a r d s  were c a r r i e d  
th ro u g h  th e  d i g e s t i o n  and e x t r a c t i o n  p r o c e d u r e .  A r e c o v e r y  of 
98-100% a t  th e  5-50 ppm l e v e l  was r e p o r t e d .
Cold vapor-AAS t e c h n i q u e s  have been  shown t o  be much more 
s e n s i t i v e  th a n  flam e AAS m ethods and a r e  used  a lm o s t  e x c l u s i v e l y  
f o r  th e  r o u t i n e  d e t e r m i n a t i o n  o f  m ercu ry  i n  b i o l o g i c a l  sa m p le s .  
J a c o b s  and co w o rk ers22 p a r t i a l l y  d i g e s t e d  b lood  sam ples  ( 0 . 1  -  
1 .0  g) w i th  H2 SO4  and KMnO  ^ over  low h e a t .  M ercury was
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e x t r a c t e d  from t h e s e  p a r t i a l  d i g e s t s  w i th  d l t h l z o n e  I n  c h lo ro fo rm .  
The e x t r a c t  was p la c e d  I n  an I g n i t i o n  tube  and th e  CHCI3  
e v a p o r a t e d .  More i n t e n s e  h e a t i n g  e v o lv e d  Hg° v a p o r ,  which was 
c a r r i e d  by an  a i r  s t r e a m  th ro u g h  s e v e r a l  c o ld  t r a p s  I n t o  a gas 
a b s o r p t i o n  c e l l .  The m ercury  v a p o r  was d e te rm in e d  by AAS. An 
a n a l y s i s  r e q u i r e d  3 h o u r s .  A s e n s i t i v i t y  o f  0 .0 0 1 - 0 .0 1  ppm was 
r e p o r t e d ,  w i th  r e c o v e r y  of 56-106% a t  th e  nanogram l e v e l .  I t  has 
been  sh o w n ,143 ,180  how ever ,  t h a t  m ercury  i s  no t c o m p le te ly  
e x t r a c t e d  by d i t h i z o n e  from  p a r t i a l l y  d i g e s t e d  o r g a n ic  m a t e r i a l s .  
T h e r e f o r e ,  t h i s  method p ro b a b ly  r e s u l t e d  i n  n e g a t i v e  e r r o r s .
Lidums and U lfvarson-^9 com busted  b lood  sam ples  (2 0 -2 0 0  
mg) i n  O2  and p a s s e d  th e  c o m b u s t io n  g a s e s  th ro u g h  a s e r i e s  of 
t r a p s  and s c r u b b e r s  t o  a g o ld  f i l t e r .  M ercury  v a p o r  was t ra p p e d  
on th e  g o ld  and was l a t e r  r e l e a s e d  i n t o  an  AAS g a s  c e l l  by h e a t in g
th e  f i l t e r .  A n a ly s i s  r e q u i r e d  30 m in u te s  and had a s e n s i t i v i t y  of
1  ppb and a p r e c i s i o n  o f  1 0 %.
Many v a r i a t i o n s  of t h e  r e d u c t i o n - a e r a t i o n  CV-AAS te c h n iq u e  
have been  used  to  a n a ly z e  b l o o d . 181*188 s n C l 2  i s  u sed  to  
r e d u c e  Hg^+ i n  o x id iz e d  sam ples  t o  H g°. The s o l u t i o n  i s
a e r a t e d  and th e  m ercu ry  i s  c a r r i e d  i n t o  a gas  a b s o r p t i o n  c e l l .
S e n s i t i v i t i e s  o f  abou t  10 ppb a r e  u s u a l .
The m ethods d e s c r i b e d  above a r e  used  to  d e te rm in e  t o t a l  
m ercu ry  c o n c e n t r a t i o n s .  S p e c i f i c  o r g a n ic  m ercury  compounds have 
been  d e te rm in e d  i n  b lood  by th e  gas  c h ro m a to g ra p h ic  t e c h n iq u e  of 
W estoo.®^ Sam ples (1 0 -5 0  g )  w ere  hom ogenized , a c i d i f i e d ,
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e x t r a c t e d  I n t o  b en zen e ,  b a c k - e x t r a c t e d  I n t o  aqueous  c y s t e i n e  
a c e t a t e ,  r e a c l d i f i e d  and r e - e x t r a c t e d  i n t o  benzene p r i o r  to  GC 
a n a l y s i s .
5 . Need f o r  an  Improved A n a l y t i c a l  T echn ique
None of th e  a n a l y t i c a l  m ethods d e s c r i b e d  above p ro v id e d  a 
t r u e  d i r e c t  d e t e r m i n a t i o n  of m ercury  i n  b lood  or serum , f o r  which 
no sample p r e t r e a t m e n t  or c o n c e n t r a t i o n  s t e p s  were u s e d .  Such a 
d i r e c t  method was d e s i r a b l e  because  i t  would e l i m i n a t e  b o th  con­
t a m i n a t i o n  due to  added r e a g e n t s  and l o s s e s  due to  v o l a t i l i z a t i o n .  
A d i r e c t  method w i th  s u f f i c i e n t  s e n s i t i v i t y  would e l i m i n a t e  
n e g a t i v e  e r r o r s  due to  in c o m p le te  e x t r a c t i o n  o r  i n e f f i c i e n t  
t r a p p i n g  of m ercury  from  th e  sam p le .  The speed  and s i m p l i c i t y  of 
t h e  a n a l y s i s  would be s i g n i f i c a n t l y  i n c r e a s e d .
The use  of t h e  q u a r t z  "T" a to m iz e r  made th e  d i r e c t  a n a l y s i s  
o f  b lood  and Berum p o s s i b l e .  There  were s e v e r a l  a d v a n ta g e s  i n  the  
u se  of th iB  t e c h n i q u e .  The m a t r i x  was e f f e c t i v e l y  re d u c e d  t o  CO 
and H2 » w hich red u c e d  m o le c u la r  background a b s o r p t i o n .
M ercury was e f f i c i e n t l y  a to m iz e d ,  e l i m i n a t i n g  c h e m ica l  i n t e r ­
f e r e n c e s .  No sample was l o s t  because  a l l  of  th e  sample components 
w ere drawn th ro u g h  th e  bed and th e  l i g h t  p a th .  The a b s o r p t i o n  
s i g n a l  was c o n s t a n t l y  m o n i to r e d .  The e f f i c i e n t  a to m iz a t io n  and 
lo n g  l i g h t  p a th  p ro v id e d  s u f f i c i e n t  s e n s i t i v i t y  so t h a t  p re c o n c e n ­
t r a t i o n  o f  m ercu ry  i n  th e  sample was u n n e c e s s a r y .  In  a d d i t i o n ,  
th e  q u a r t z  "T” a to m iz e r  p e r m i t t e d  use of th e  more s e n s i t i v e  184 .9  
nm re s o n a n c e  l i n e  a s  w e l l  a s  t h e  more commonly employed 253 .7  nm 




The equipm ent u sed  I n  th e  a n a l y s i s  of b lood  and serum 
sa m p le s  was I d e n t i c a l  t o  t h a t  d e s c r i b e d  I n  C h a p te r  1. The 253.7  
nm and 1 8 4 .9  nm re s o n a n c e  l i n e s  were each  u s e d ;  o p e r a t i n g  
c o n d i t i o n s  were th e  same a s  t h o s e  p r e v i o u s l y  em ployed .
2. A n a l y t i c a l  P ro c e d u re
a .  Sam pling T ec h n iq u e s
Whole b lood  and serum sam ples  were o b t a in e d  from the  
LSU S tu d e n t  H e a l th  S e r v ic e  l a b o r a t o r y .  Samples were c o l l e c t e d  
from  LSU s t u d e n t s  by H e a l th  S e r v i c e  p e r s o n n e l ,  u s in g  d i s p o s a b l e  
s t e r i l e  s y r i n g e s  and g l a s s  V a c u ta in e r  b lood  c o l l e c t i o n  t u b e s .  
D ip o ta s s iu m  EDTA was p r e s e n t  i n  th e  V a c u ta ln e r s  to  p re v e n t  
c o a g u l a t i o n  of t h e  whole b lood  sa m p le s .  Serum was o b ta in e d  from 
c e n t r i f u g a t i o n  of b lood  sam ples  which had been  c o l l e c t e d  i n  p l a i n  
g l a s s  V a c u ta in e r s  (no  a n t i c o a g u l a n t  p r e s e n t ) .  Samples were s to r e d  
a t  4°C. Samples were a n a ly z e d  on th e  day a f t e r  c o l l e c t i o n .
b .  Development o f  a  Sample I n t r o d u c t i o n  T echn ique
i .  D i r e c t  I n j e c t i o n
Sample I n t r o d u c t i o n  i n t o  th e  a to m iz e r  was 
a t t e m p te d  by d i r e c t  i n j e c t i o n  o f  5 yL a l i q u o t s  o f  whole b lood  and 
serum w i th  an  E ppendo rf  m i c r o p i p e t t e .  The sam ple was i n j e c t e d  
o n to  a h o t  (1450°C) c a rb o n  b ed . T h is  method gave v e ry  poor 
r e p r o d u c i b i l i t y .  S u c c e s s iv e  a l i q u o t s  gave w id e ly  v a r y i n g  a b s o rp ­
t i o n  s i g n a l s ,  a s  can be se en  i n  F ig u re  31. A b s o r p t io n  t r a c e s  
v a r i e d  from  s h a rp  s p ik e s  t o  b r o a d ,  t a i l i n g  p e a k s .  T h is  was not
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FIGURE 3 1 : ABSORPTION SIGNALS FROM WHOLE BLOOD AND SERUM. BROAD, IRREGULAR PEAKS WERE OBTAINED ON 
DIRECT INJECTION OF 5 jah  ALIQUOTS WITH AN EPPENDORF MICROPIPETTE. PEAKS WERE UNSUITABLE FOR QUANTITATION 
BY MEASUREMENT OF PEAK HEIGHT DUE TO THEIR IRREGULAR SHAPE.
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d e s i r a b l e  because  I t  r e q u i r e d  m easurem ent of th e  a r e a  unde r  th e  
peak r a t h e r  th a n  th e  peak  h e i g h t .  I t  was d i f f i c u l t  t o  e s t i m a t e  
t h e  a r e a  u n d e r  a s y m m e tr ic a l ly - s h a p e d  p e a k s .  The poor r e p r o d u c i ­
b i l i t y  was p r o b a b ly  due to  t h e  v i s c o s i t y  o f  whole b lood  and serum. 
I t  was d i f f i c u l t  to  c o m p le te ly  e j e c t  a l l  o f  th e  sample from th e  
p i p e t t e .  At t i m e s ,  h e a t  from th e  c a rb o n  bed cau sed  c o a g u la t i o n  of 
b lood  on th e  p i p e t t e  t i p  i f  th e  sam ple was n o t  e j e c t e d  r a p i d l y .  
Whole b lood  sam ples  e s p e c i a l l y  were not homogeneous. O f te n ,  s m a l l  
c l o t s  would be l e f t  i n  th e  p i p e t t e  t i p  o r  would b lo ck  th e  t i p  
d u r in g  sam ple e j e c t i o n .  For t h e s e  r e a s o n s ,  a c o n s i s t e n t  amount of 
sam ple was n o t  a lw ays  i n j e c t e d  to  th e  a to m iz e r .  I n j e c t i o n  o f  5 PL 
a l i q u o t s  o f t e n  cau sed  v i s i b l e  d i s r u p t i o n  o f  th e  c a rb o n  bed 
s u r f a c e ,  w i th  ca rb o n  d u s t  b e in g  d i s lo d g e d  i n t o  t h e  a i r  above th e  
b e d .  A f t e r  some i n j e c t i o n s ,  an  e x p lo s i o n  o c c u r r e d  a s  th e  sample 
b u rn e d .  These o b s e r v a t i o n s  I n d i c a t e d  t h a t  p a r t  of th e  r e a s o n  f o r  
poor r e p r o d u c i b i l i t y  was a d i f f e r e n c e  i n  r e a c t i o n  o f  t h e  sample a t  
t h e  c a rb o n  s u r f a c e .  E x p lo s io n s  c a u se d  c a rb o n  d u s t  to  be blown 
i n t o  th e  l i g h t  p a t h ,  w hich s c a t t e r e d  r a d i a t i o n .  T h is  was con­
f i rm e d  by th e  o b s e r v a t i o n s  o f  h ig h  m o le c u la r  background  a b s o r p t i o n  
and a  p i l e  o f  ca rb o n  d u s t  i n  th e  l i g h t  p a th .
i i .  F i l t e r  P a p e r  D isk  Method
Sm all  f i l t e r  p a p e r  d i s k s  had been used  f o r  th e  
d e t e r m i n a t i o n  o f  cadmium i n  whole b lood  u s in g  t h e  q u a r t z  "T" 
a t o m i z e r . i n t r o d u c t i o n  o f  a  1 pL sam ple  on a f i l t e r  p ap e r  
d i s k  had been found to  r e d u c e  m o le c u la r  a b s o r p t i o n  by i n c r e a s i n g  
b o th  th e  c o n ta c t  t im e  and th e  c o n ta c t  a r e a  of t h e  sam ple w i th  the
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ca rb o n  bed . Samples w hich were I n t r o d u c e d  on f i l t e r  p aper  d i s k s  
a p p e a re d  to  burn  more e v e n ly  th a n  sam ples  which were d i r e c t l y  
i n j e c t e d  o n to  th e  c a rb o n  bed.
F i l t e r  p aper  d i s k s  were p re p a re d  by c u t t i n g  Whatman #41 
a s h l e s s  f i l t e r  p ap e r  I n t o  d i s k s  of 3 mm d ia m e te r  w i th  a h o le  
punch . D isks  were c le a n e d  by two o v e r n ig h t  s o a k ln g s  in  10%
HNO3 , u s in g  two f r e s h  p o r t i o n s  o f  a c i d .  The d i s k s  were p lac e d  
i n  a Buchner f u n n e l ,  r i n s e d  w e l l  w i th  d i s t i l l e d ,  d e io n i z e d  w a te r  
and p a r t i a l l y  d r i e d  by v a c u u m - s u c t io n .  D isks  were a l lo w e d  to  d ry  
c o m p le te ly  i n  a c l e a n - a i r  e n v iro n m e n t .
A 1 11L a l i q u o t  of b lood  o r  serum was p la c e d  on a f i l t e r  paper  
d i s k  w i th  a H am il to n  m i c r o l i t e r  s y r i n g e .  The d i s k  was dropped  
i n t o  th e  a to m iz e r  w i th  a p a i r  of c le a n e d  s t a i n l e s s  s t e e l  tw e e z e r s .  
Samples and s t a n d a r d s  were a n a ly z e d  i n  th e  same m anner.
S e v e r a l  p rob lem s were e n c o u n te re d  w i t h  t h i s  t e c h n i q u e .  A c id -  
c l e a n e d  f i l t e r  paper  d i s k s  g e n e r a te d  w id e ly  v a r y i n g  re s o n a n c e  
a b s o r p t i o n  s i g n a l s  o f  up to  30% a b s o r p t i o n  a t  1 8 4 .9  nm and up to  
10% a b s o r p t i o n  a t  253 .7  nm. As can be se en  i n  F i g u r e s  32 and 33, 
t h i s  a b s o r p t i o n  s i g n a l  was m o s t ly  due t o  m ercury  i n  th e  f i l t e r  
p a p e r  d i s k s ,  b e c au se  th e  m o le c u la r  a b s o r p t i o n  s i g n a l s  were 
c o n s i d e r a b l y  s m a l l e r  th a n  th e  a tom ic  a b s o r p t i o n  s i g n a l s .  The wide 
f l u c t u a t i o n s  i n  a b s o r p t i o n  i n t e n s i t y  can  be s e e n ,  e s p e c i a l l y  a t
1 8 4 .9  nm. The v a r i a t i o n  i n  a b s o r p t i o n  s i g n a l  was p ro b a b ly  due to  
I n c o n s i s t e n t  c l e a n in g  of th e  d i s k s  by th e  method u s e d .  A t tem p ts  
w ere  made t o  f u r t h e r  c l e a n  th e  d i s k s  by h e a t i n g .  A l a y e r  of d i s k s  
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FIGURE 3 3 :  ABSORPTION SIGNALS FROM WHOLE BLOOD AND SERUM ON FILTER PAPER DISKS AT 2 5 3 .7  nm. TYPICAL
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s l e e v e .  The r f  g e n e r a to r  was n o t  t u r n e d  on , b u t  th e  d i s k s  were 
h e a t e d  by a i r  i n  th e  h e a te d  l i g h t  p a t h .  D isks  were h e a te d  f o r  20 
m in u t e s .  The a b s o r p t i o n  due t o  m ercu ry  d id  d e c r e a s e  but th e  r e p r o ­
d u c i b i l i t y  of th e  s i g n a l  d id  n o t  im prove because  d i s k s  were 
c h a r r e d  to  d i f f e r e n t  d e g re e s  by th e  p r o c e s s .  T h is  caused  a 
v a r i a b l e  l o s s  of m ercu ry .
A no ther  p rob lem  w i th  th e  f i l t e r  p a p e r  d i s k s  was t h a t  th e  
volume of sample i n j e c t e d  was l i m i t e d  t o  2 pL. L a rg e r  volumes 
soaked  th e  f i l t e r  p ap e r  and tw e e z e r  t i p s  and caused  th e  d i s k s  to  
s t i c k  t o  t h e  tw e e z e r s  by s u r f a c e  t e n s i o n .
T y p i c a l  a b s o r p t i o n  s i g n a l s  f o r  1 pL a l i q u o t s  of whole b lood  
and serum p u t  i n t o  t h e  a to m iz e r  on f i l t e r  p ap e r  d i s k s  were shown 
i n  F i g u r e s  32 and 33. The l a c k  o f  r e p r o d u c i b i l i t y  i n  th e  s i g n a l s  
c a n  be s e e n .  M o le c u la r  background a b s o r p t i o n  ranged  from ^10-50%
o f  th e  t o t a l  a b s o r p t i o n  s i g n a l .
i i i .  C arbon D isk  Method
I n t r o d u c t i o n  of a sample i n t o  th e  a to m iz e r  on a 
d i s k  o f  G r a p h o i l  p y r o l y t i c - c o a t e d  g r a p h i t e  was d e s c r i b e d  i n  d e t a i l  
i n  C h a p te r  1. T h is  t e c h n iq u e  was used  s u c c e s s f u l l y  f o r  th e  
a n a l y s i s  of b lood  and serum . C arbon  d i s k s  c le a n e d  by h e a t i n g  in  
t h e  h o t  c a rb o n  bed gave no a to m ic  o r  m o le c u la r  a b s o r p t i o n  s i g n a l ,  
w hich  was an  a d v a n ta g e  ove r  t h e  f i l t e r  p a p e r  d i s k  t e c h n i q u e .  T h is  
t e c h n iq u e  had i t s  own p ro b le m s ,  how ever. The c a rb o n  d i s k s  became
p o ro u s  on r e p e a t e d  u s e .  Samples w hich soaked  i n t o  th e  d i s k s  to o k
a lo n g e r  t im e  to  a to m iz e r  and gave b ro a d e r  a b s o r p t i o n  s i g n a l s  th a n
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t h o s e  w hich  d id  n o t .  A b s o r p t io n  s i g n a l s  were s l i g h t l y  b ro a d e r  
t h a n  t h o s e  o b t a i n e d  from i n j e c t i o n  on f i l t e r  p a p e r  d i s k s ,  b u t  were 
s u f f i c i e n t l y  s h a rp  and s y m m e tr ic a l  to  p e rm i t  m easurem ent of peak 
h e i g h t  i n s t e a d  o f  peak a r e a .  T y p ic a l  a b s o r p t i o n  s i g n a l s  f o r  b lood 
and serum on c a rb o n  d i s k s  a t  1 8 4 .9  nm and 253 .7  nm a r e  shown in  
F ig u r e s  34 and 35. T h is  method was used  to  o b t a i n  th e  r e s u l t s  
p r e s e n t e d  h e r e i n .
i v .  S to p -F lo w  Method
A s tu d y  was co n d u c te d  to  d e te rm in e  i f  background 
a b s o r p t i o n  c o u ld  be d e c re a s e d  by s to p p in g  th e  f lo w  th ro u g h  th e  
a to m iz e r  d u r in g  sam ple i n t r o d u c t i o n .  S to p p in g  th e  f lo w  i n c r e a s e d  
th e  c o n t a c t  t im e  o f  t h e  sam ple w i th  t h e  c a rb o n  b e d ,  t h e r e b y  
a l l o w i n g  more c om ple te  d e s t r u c t i o n  o f  th e  m a t r i x .  The p ro c e d u re  
i n v o lv e d  s e v e r a l  s t e p s .  The f low  th ro u g h  th e  a to m iz e r  c e l l  was 
d i s c o n t i n u e d  b e f o r e  i n t r o d u c i n g  th e  sam p le .  The sam ple was i n t r o ­
duced  on t o  th e  h o t  ca rb o n  bed . The f low  rem ained  o f f  f o r  a 
s p e c i f i c  t im e  p e r i o d ;  i n  t h i s  c a s e ,  15 s e c o n d s .  Then , f low  
t h ro u g h  th e  a to m iz e r  was resum ed and sample components drawn i n t o  
t h e  l i g h t  p a t h .  D iv e r s i o n  o f  f lo w  th ro u g h  th e  c e l l  was 
a c c o m p li s h e d  by t u r n i n g  a t h r e e  way v a lv e  l o c a t e d  betw een  th e  
a to m iz e r  c e l l  and th e  vacuum pump.
A d e l a y  t im e  ( t im e  t h a t  th e  f low  was o f f  a f t e r  sample i n t r o ­
d u c t i o n )  o f  15 se co n d s  was u se d  i n  th e  hope t h a t  i t  would be 
s u f f i c i e n t  t o  b re a k  down th e  m a t r ix  w i th o u t  a l l o w in g  v o l a t i l i z e d  
m ercu ry  t o  e s c a p e  from  th e  to p  o f  th e  a to m iz e r .  The a b s o r p t i o n
168
I / LL  WHOLE 
.J , BLOOD






184.9 nm ABSORPTION 184.9nm
FIGURE 3 k :  ABSORPTION SIGNALS FROM WHOLE BLOOD AND SERUM 
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d a ta  o b t a i n e d  from s to p  f low  a n a l y s i s  o f  b lood  and serum  on ca rb o n  
d i s k s  a r e  g iv e n  In  T a b le  18, t o g e t h e r  w i th  a b s o r p t i o n  d a ta  from 
t h e  same sam ples  a n a ly z e d  by th e  norm al p ro c e d u re  ( c o n s t a n t  f lo w  
o f  250 m L/m in). The s i g n a l s  o b t a in e d  by th e  s t o p - f l o w  method were 
v e ry  i r r e g u l a r l y - s h a p e d  and l r r e p r o d u c l b l e ,  e s p e c i a l l y  t h o s e  of 
whole b lood  sam ples* Background a b s o r p t i o n  was not s i g n i f i c a n t l y  
re d u c e d  a n d ,  i n  some c a s e s ,  was s l i g h t l y  i n c r e a s e d  over  a b s o r p t i o n  
s i g n a l s  o b t a in e d  by c o n t in u o u s  f lo w  a n a l y s i s .  I f  f lo w  th ro u g h  th e  
a to m iz e r  was resumed to o  q u i c k l y ,  c a rb o n  d u s t  was o f t e n  p u l l e d  
i n t o  t h e  l i g h t  p a t h ,  which gave r i s e  to  a s h a rp  a b s o r p t i o n  s p ik e  
su p e r im p o sed  on th e  sam ple a b s o r p t i o n  s i g n a l .
The g r e a t e s t  d i f f i c u l t y  w i th  t h e  t e c h n iq u e  was i n  c o n t r o l l i n g  
and r e p e a t i n g  e x a c t l y  t h e  c o n d i t i o n s  f o r  a n a l y s i s .  The t im e  t h a t  
t h e  f lo w  was d i s c o n t i n u e d  b e fo r e  sample i n t r o d u c t i o n ,  th e  d e la y  
t im e ,  t h e  bed t e m p e r a tu r e  and th e  f low  p a t t e r n  th ro u g h  th e  
a to m iz e r  had to  be r i g i d l y  c o n t r o l l e d  and r e p e a t e d  to  a c h ie v e  
r e p r o d u c i b l e  r e s u l t s .  I t  was d i f f i c u l t  to  a c h ie v e  t h i s  c o n t r o l  
m a n u a l ly .  T h e r e f o r e ,  th e  s t o p - f l o w  te c h n iq u e  was n o t  u se d ,
c .  D e te rm in a t io n  o f  M ercury  i n  Blood and  Serum
Whole b lood  and serum sam ples  were a n a ly z e d  by p l a c i n g  
a  1 pL a l i q u o t  on a h e a t - c l e a n e d  c a rb o n  d i s k  and d ro p p in g  i t  on to  
th e  h o t  c a rb o n  b ed . A c o n t in u o u s  f low  o f  250 mL/min of a i r  or 
n i t r o g e n  was m a in ta in e d  th ro u g h  th e  a to m iz e r .  Resonance  a b s o r p ­
t i o n  was m easu red  a t  1 8 4 .9  o r  2 5 3 .5  nm w i th  a dem oun tab le  h o l lo w  
c a th o d e  lamp a s  th e  l i g h t  s o u r c e .  Background a b s o r p t i o n  was
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Table 18
Com parison  of C on t in u o u s  Flow A n a ly s is  and S to p -F lo w  A n a ly s is  of
Blood and Serum









1  yL serum 0 .0 8 6 2 0 .0 0 0 0 0 .0434 0 .0132
on ca rb o n  d i s k 0 .0864 0 .0088 0 .0223 0 .0177
( r e p l i c a t e 0 .0969 0 . 0088 0 .0362 0 .0132
a n a l y s i s ) 0 .0706 0 .0000 0 .0223 0.0177
X =■ 0 .0850 x ■ 0 .0044 x -  0 .0 3 1 0 x -  0 .0154
1 yL w hole  b lood 0 .0506 0 .0088 0 .0506 0 .0044
on ca rb o n  d i s k 0 .0362 0 .0044 0 .0223 0 .0000
( r e p l i c a t e 0 .0 4 5 8 0 .0088 0 .0757 0 .0000
a n a l y s i s ) 0 .0 2 9 2 0 .0044 0 . 0 1 1 0 0 .0088
X = 0 .0404 x = 0 .0066 x -  0 .0399 x -  0 .0033
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m easured  a t  th e  same w a v e le n g th  w i th  a d e u te r iu m  lamp as  th e  l i g h t  
sou rce*
Blank  sam ples  f o r  t h i s  a n a l y s i s  were p r e p a r e d  by p l a c i n g  a 
few mL o f  d i s t i l l e d  d e io n iz e d  w a te r  I n t o  unused  b lood  and serum 
c o l l e c t i o n  tu b es*  The tu b e s  were w e l l - s h a k e n  and t h e  w a te r  
a n a ly z e d  by th e  c a rb o n  d i s k  m ethod. No s i g n a l s  above th o se  
g e n e r a t e d  by d i s t i l l e d  d e io n iz e d  w a te r  a lo n e  were m easu red . 
T h e r e f o r e ,  no c o n ta m in a t io n  of th e  sample was cau sed  by th e  g l a s s  
t u b e s ,  r u b b e r  s to p p e r s  o r  a n t i c o a g u l a n t .
The s e n s i t i v i t y  o f  t h e  m ethod , d e f i n e d  a s  th e  amount of Hg 
e q u a l  t o  1% a b s o r p t i o n ,  was 1 .0  x 10” -^® g Hg a t  25 3 .7  nm and 
1 .5  x 10” H  g Hg a t  184 .9  nm. The d e t e c t i o n  l i m i t  a t  184 .9  nm 
was 0 .0 1  ppm f o r  a 1 yL a l i q u o t .
d .  C a l i b r a t i o n
Aqueous s t a n d a r d s  were p re p a r e d  d a i l y  from 1000 ppm Hg 
( a s  HgCl2 ) s t o c k  s t a n d a r d  s o l u t i o n .  V o lu m e tr ic  f l a s k s  were 
p r e - e q u i l i b r a t e d  w i th  m ercury  s t a n d a r d  s o l u t i o n s  and w ere used 
r o u t i n e l y  f o r  p r e p a r a t i o n  o f  th e  same s t a n d a r d s .  S ta n d a rd s  of
0 .1 - 1 0  ppm Hg w ere  used  t o  c o n s t r u c t  c a l i b r a t i o n  c u r v e s .
S ta n d a r d s  were ru n  a t  t h e  b e g in n in g  and end of a  s e r i e s  of 
a n a l y s e s  and s e v e r a l  t im e s  d u r in g  th e  a n a l y s i s  of l a r g e  numbers of 
s a m p le s .  A c a l i b r a t i o n  c u rv e  was p r e p a r e d  from  s t a n d a r d s  a n a ly z e d  
i n  t h e  same manner as  th e  s a m p le s .
e .  S p e c i a t i o n  o f  M ercury  Compounds i n  Blood and Serum
An a t t e m p t  was made t o  i d e n t i f y  t h e  number and form of
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m e r c u r y - c o n ta i n in g  compounds I n  b lood  and serum . A d i f f e r e n t i a l  
v o l a t i l i z a t i o n  s t e p  was used  i n  c o n ju n c t io n  w i th  th e  q u a r t z  "T" 
a to m iz e r*  The method and r e s u l t s  were d i s c u s s e d  i n  C h a p te r  7 of 
t h i s  d i s s e r t a t i o n .
C. RESULTS
1 . P r e c i s i o n  o f  t h e  Method
A n a ly s i s  of whole b lood  was pe rfo rm ed  by th e  c a rb o n  d i s k  
method a t  bo th  184 .9  nm and 253 .7  nm. T y p ic a l  a b s o r p t i o n  t r a c e s  
a r e  shown i n  F i g u r e s  34 and 35 f o r  1 pL a l i q u o t s  of b o th  f l u i d s .
Whole b lood  and serum gave v e ry  s i m i l a r  a b s o r p t i o n  peak 
h e i g h t s .  At 1 8 4 .9  nm, th e  a v e ra g e  t o t a l  s i g n a l  u s in g  th e  ho l lo w  
c a th o d e  lamp was 40% a b s o r p t i o n  f o r  a 1 pL a l i q u o t .  The a v e ra g e  
b ackground  s i g n a l  was 15% a b s o r p t i o n .  At 253 .7  nm, th e  a v e ra g e  
t o t a l  s i g n a l  f o r  a 1 pL a l i q u o t  was 8 %, and th e  a v e ra g e  background 
s i g n a l  was 4% a b s o r p t i o n .
The s h o r t - t e r m  p r e c i s i o n  o f  th e  method was d e te rm in e d  by 
r e p e a t e d  a n a l y s i s  o f  th e  same b lood  o r  serum sam p le .  P r e c i s i o n  
was d e te rm in e d  a t  b o th  1 8 4 .9  nm and 25 3 .7  nm. The r e s u l t s  of a 
p r e c i s i o n  s tu d y  o f  whole b lood  a r e  p r e s e n t e d  i n  T a b le  19 . The 
r e l a t i v e  s t a n d a r d  d e v i a t i o n  o f  th e  a to m ic  a b s o r p t i o n  s i g n a l  f o r  1  
pL o f  b lood  a t  1 8 4 .9  nm was 22%; th e  r e l a t i v e  s t a n d a r d  d e v i a t i o n  
o f  th e  s i g n a l  a t  253 .7  nm was 67%.
2. C o n c e n t r a t i o n  Range o f  M ercury  i n  Whole Blood 
T h i r t y - tw o  whole b lood  sam ples were a n a ly z e d  i n  t h i s
s tu d y .  The q u a n t i t a t i v e  a n a ly s e s  were pe rfo rm ed  a t  1 8 4 .9  nm
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Table 19
S h o r t  Term P r e c i s i o n  of Blood A n a ly s i s
1  yL o f  Whole Blood on Carbon P i B k  W avelength  Used





0 -  45%
67%
Sample // ppm Hg Sample // ppm Hg
1 0 .9 5 17 0 .8 4
2 1 .42 18 0 .7 0
3 N.D. 19 0 .5 5
4 N.D. 2 0 0 . 0 2
5 0 .7 3 2 1 0 .7 4
6 N.D. 2 2 0 .4 5
7 N.D. 23 0 .5 0
8 N.D. 24 0 .4 2
9 N.D. 25 0 .0 5
1 0 N.D. 26 0 .9 0
1 1 N.D. 27 0 .3 2
1 2 1 .90 28 N.D.
13 1 . 2 0 29 0 .1 5
14 0 .9 8 30 0 .1 5
15 0 .5 5 31 0 . 1 0
16 0 .0 3 32 0 .1 5
a )  N.D. m  none d e t e c t e d  (<0 .01  ppm Hg)
n -  32
x -  0 .4 3 ppm
a  -  0 .4 9
a 2  -  0 .2 3
184 .9  nm
Number of A l iq u o t s  18
Average A bsorbance  0 .0871
S ta n d a rd  D e v ia t i o n  0 .0 1 9 5
V a r ia n c e  0 .00038
Range of Peak H e ig h ts  14 -  25%
( i n  % A b s o r p t io n )
R e l a t i v e  S ta n d a r d  22%
D e v ia t io n  of A bsorbance
T a b le  20
C o n c e n t r a t i o n s  o f  M ercury i n  Whole Blood
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b e c au se  o f  th e  b e t t e r  p r e c i s i o n  o b ta in e d  a t  t h i s  w a v e le n g th .  The 
c o n c e n t r a t i o n s  m easu red  a r e  l i s t e d  I n  T a b le  20. The a v e ra g e  
c o n c e n t r a t i o n  was 0 .4 3  ppm Hg. The c o n c e n t r a t i o n s  ran g e d  from
0 .0 1  t o  1 .9 0  ppm. The s t a n d a r d  d e v i a t i o n  o f  0 .4 9  ppm r e p o r t e d  in  
T ab le  20 was a m easure  of th e  d i s t r i b u t i o n  of c o n c e n t r a t i o n s  found 
i n  th e  e n t i r e  p o p u l a t i o n  sam p led , n o t  a m easure  o f  th e  d e v i a t i o n  
o f  any i n d i v i d u a l  sam p le .
The d i s t r i b u t i o n  of r e s u l t s  i s  shown i n  F ig u re  36. Nine 
sam ples  o u t  o f  32 had m ercury  c o n c e n t r a t i o n s  below th e  d e t e c t i o n  
l i m i t  o f  th e  method ( 0 .0 1  ppm Hg).
3 . C o n c e n t r a t i o n  Range o f  M ercury i n  Serum
S i x te e n  serum sam ples  were a n a ly z e d  i n  t h i s  s t u d y .  The 
c o n c e n t r a t i o n s  m easu red  a r e  g iv e n  i n  T a b le  21. The a v e ra g e  
c o n c e n t r a t i o n  was 0 .3 2  ppm Hg. The c o n c e n t r a t i o n s  ran g e d  from
0 .0 1  ppm t o  1 .0 6  ppm. A g a in ,  th e  s t a n d a r d  d e v i a t i o n  l i s t e d  i n  
T ab le  21 was a m easure  o f  th e  c o n c e n t r a t i o n  ran g e  i n  t h e  p o p u la -  
t i o n  sam p led ,  n o t  a  m easure  of th e  d e v i a t i o n  o f  an  i n d i v i d u a l  
sam p le .
The d i s t r i b u t i o n  of m ercu ry  c o n c e n t r a t i o n s  found i n  serum i s  
i l l u s t r a t e d  i n  F ig u re  36. H a l f  of th e  sam ples  had c o n c e n t r a t i o n s  
below 0 .0 1  ppm Hg, th e  d e t e c t i o n  l i m i t  of th e  m ethod.
D. DISCUSSION
1 .  A dvan tages  o f  t h e  Method i n  t h e  A n a ly s i s  o f  Blood and 
Serum
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FIGURE 3 6 : DISTRIBUTION OF MERCURY CONCENTRATIONS IN WHOLE BLOOD AND SERUM. CONCENTRATIONS WERE 
ROUNDED TO THE NEAREST 0 . 1  ppm H g.
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Table 21
C o n c e n t r a t i o n s  o f  M ercury i n  Serum
Sample // ppm Hg Sample # ppm Hg
1 0 .4 2 9 0 .4 2
2 0 .3 0 1 0 N.D.
3 N.D. 1 1 N.D.
4 N.D. 1 2 1.06
5 N.D. 13 N.D.
6 0 .5 6 14 0 .8 9
7 0 .4 8 15 N.D.
8 0 .99 16 N.D.
N.D. = none 
n = 16 
x = 0 .3 2  
a -  0 .3 9
_2 _ n 1C
d e t e c t e d  (< 0 . 0 1  
ppm
ppm Hg)
cj2  = 0 .1 5
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d u c t l o n  t e c h n iq u e  p ro v id e d  a s im p l e ,  r a p i d ,  and a c c u r a t e  method 
f o r  t h e  d i r e c t  d e t e r m i n a t i o n  o f  m ercu ry  i n  whole b lood  and serum . 
No sam ple p r e t r e a t m e n t  was n e c e s s a r y ,  which e l i m i n a t e d  th e  dan g e r  
o f  c o n ta m in a t io n  of th e  sam ple by added r e a g e n t s .  Loss  o f  m ercury  
due t o  sam ple h a n d l in g  o r  v o l a t i l i z a t i o n  was a v o id e d .  Samples 
were e f f i c i e n t l y  a to m ized  and a l l  sample components were con­
s t r a i n e d  to  e x i t  th e  sy s tem  th ro u g h  th e  l i g h t  p a th .  T hus ,  a l l  
c h e m ic a l  form s o f  m ercu ry  i n  th e  sam ples  were m easu red .
Only m i c r o l i t e r  q u a n t i t i e s  of sample were n e e d ed ,  which i s  a 
d e f i n i t e  a d v a n ta g e  i n  th e  a n a l y s i s  of b lood  and serum , s in c e  
sam ple  q u a n t i t i e s  a r e  u s u a l l y  l i m i t e d  to  a few m i l l i l i t e r s .
Use o f  c a rb o n  d i s k s  re d u c e d  b la n k  a b s o r p t i o n  to  below th e  
d e t e c t i o n  l i m i t  of t h e  m ethod , so t h a t  no c o r r e c t i o n  was needed i n  
t h e  a b s o r p t i o n  of s t a n d a r d s  and sa m p le s .  Background a b s o r p t i o n  
and r e p r o d u c i b i l i t y  were a l s o  im proved  by t h i s  t e c h n i q u e ;  how ever, 
t h e s e  p a ra m e te r s  s t i l l  c r e a t e d  some p rob lem s i n  th e  r o u t i n e  
a p p l i c a t i o n  o f  th e  m ethod . These p rob lem s a r e  d i s c u s s e d  below.
2. W eaknesses o f  t h e  Method
A lth o u g h  a b s o r p t i o n  due to  t h e  o r g a n ic  m a t r ix  was reduced  
by th e  use  o f  th e  c a rb o n  d i s k  t e c h n i q u e ,  background  s i g n a l s  of up 
t o  50% o f  th e  t o t a l  a b s o r p t i o n  s i g n a l  w ere o b s e rv e d .  At 184 .9  nm, 
th e  background  a b s o r p t i o n  was e x p e c te d  due to  th e  fo rm a t io n  of CO, 
Hp and o t h e r  sm a l l  m o le c u le s  form ed upon breakdown o f  th e  
o r g a n i c  m a t r i x .  The s t o p - f l o w  t e c h n iq u e  was t r i e d  i n  an a t t e m p t  
t o  r e d u c e  t h i s  b ac k g ro u n d ,  b u t  was n o t  s u c c e s s f u l .  T h is  i s
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c o n v in c in g  e v id e n c e  t h a t  th e  background a b s o r p t i o n  d id  not r e s u l t  
from  in c o m p le te  d e g r a d a t i o n  o f  th e  m a t r ix .  T h e r e f o r e ,  o t h e r  
ch an g es  to  t h e  sy s tem  d e s ig n e d  t o  i n c r e a s e  c o n ta c t  t im e  between 
th e  sample and ca rb o n  bed , such  as  i n c r e a s i n g  th e  s i z e  of th e  
c a rb o n  bed , would p r o b a b ly  no t r e s u l t  i n  a d e c re a s e d  background 
a b s o r p t i o n .
The r e p r o d u c i b i l i t y  of t h e  a b s o r p t i o n  s i g n a l  rem ained  th e  
b i g g e s t  p roblem  in  th e  a n a l y s i s  of b lood  and serum by t h i s  method. 
However, t h i s  prob lem  was n o t  u n iq u e  t o  th e  ca rb o n  d i s k  m ethod, 
s i n c e  l a c k  o f  p r e c i s i o n  has  been a m ajor d i s a d v a n ta g e  i n  most of 
t h e  r e p o r t e d  m ethods f o r  a n a l y s i s  o f  b i o l o g i c a l  m a t e r i a l s . ^ ^ 6  
The i r r e p r o d u c i b i l l t y  of a b s o r p t i o n  s i g n a l s  was b e l i e v e d  to  be due 
t o  two f a c t o r s ,  d i f f e r e n c e s  i n  th e  s i z e  of th e  a l i q u o t  d e l i v e r e d  
and d i f f e r e n c e s  i n  r e a c t i o n  o f  th e  sample w i th  th e  bed.
Any v a r i a t i o n  i n  t h e  s i z e  of t h e  sample a l i q u o t  m easured or 
d e l i v e r e d  f o r  a n a l y s i s  would ca u se  a d i f f e r e n c e  i n  th e  h e ig h t  of 
t h e  a b s o r p t i o n  s i g n a l  r e c o r d e d .  T h is  was e s p e c i a l l y  a problem  due 
t o  t h e  s m a l l  q u a n t i t i e s  of sample in v o lv e d  ( 1  or  2  m i c r o l i t e r s )  
and th e  Inhom ogene ity  of b lood  and serum . Whole b lood  was more 
d i f f i c u l t  t o  p i p e t  th a n  serum . The m i c r o l i t e r  s y r in g e  o f t e n  
c lo g g e d  when t r a n s f e r r i n g  w hole  b lood  sam ples and needed f r e q u e n t  
c l e a n i n g .  Serum sam ples  d id  n o t  c lo g  th e  s y r i n g e ,  bu t th e  
v i s c o s i t y  of b o th  f l u i d s  made f i l l i n g  and em pty ing  th e  s y r in g e  
v e r y  d i f f i c u l t .
1 8 0
V a r i a t i o n  i n  th e  s i z e  o f  th e  a b s o r p t i o n  s i g n a l s  c o u ld  be 
a c c o u n te d  f o r  by d i f f e r e n c e s  in  th e  way sam ples  h i t  th e  ca rb o n  
b e d .  The bed s u r f a c e  was n o t  homogeneous; some c a rb o n  p i e c e s  were 
h o t t e r  th a n  o t h e r s .  Dust which a ccu m u la ted  around  th e  edges  of 
t h e  bed i n  th e  sp a c e s  i n  be tw een  th e  c a rb o n  p i e c e s  was c o o l e r  th a n  
th e  l a r g e  c a rb o n  p i e c e s .  The p la c e  of c o n ta c t  be tw een  th e  sample 
and th e  bed th u s  d i r e c t l y  a f f e c t e d  th e  speed  and e f f i c i e n c y  of th e  
a t o m i z a t i o n .  A ls o ,  th e  speed  and e f f i c i e n c y  of a to m iz a t io n  were 
a f f e c t e d  by w h e th e r  th e  ca rb o n  d i s k  h i t  th e  bed e d g e -o n ,  sa m p le -  
s i d e  down or B am ple -s ide  up . Samples w hich lan d e d  f a c e - u p  were 
h e a te d  more s lo w ly  th a n  sam ples  w hich lan d e d  face -dow n  on th e  h o t  
c a rb o n  bed .
One d i s a d v a n ta g e  of t h i s  d i r e c t  d e t e r m i n a t i o n  i s  th e  p o s s i ­
b i l i t y  t h a t  c o b a l t ,  p r e s e n t  i n  V i tam in  Bj2  th e  b lo o d ,  c o u ld  
c a u se  a d i r e c t  s p e c t r a l  i n t e r f e r e n c e  i n  a n a l y s i s  a t  253 .7  nm.
T h is  i n t e r f e r e n c e  was n o t  c o n s id e r e d  to  be i m p o r t a n t ,  b e c au se  
c o b a l t  l e v e l s  i n  b lood  a r e  v e ry  low and th e  a b s o r p t i o n  l i n e  i s  no t 
a  r e s o n a n c e  l i n e  f o r  c o b a l t .  However, t h e  i n t e r f e r e n c e  would no t 
be p r e s e n t  i n  th o s e  AAS t e c h n i q u e s  which s e p a r a t e d  m ercury  from 
th e  sam ple  p r i o r  to  a n a l y s i s .
3 . P r e c i s i o n  o f  t h e  Method
The p r e c i s i o n  of th e  c a rb o n  d i s k  method f o r  th e  a n a l y s i s  
o f  b lood  and serum depended on th e  w a v e le n g th  a t  w hich th e  a b s o rp ­
t i o n  was m ea su red ,  a s  can be s e e n  i n  T a b le  19. The r e a s o n  f o r  th e  
p o o r e r  p r e c i s i o n  a t  253 .7  nm was r e a d i l y  u n d e rs to o d  by com paring
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t h e  s i z e  o f  th e  a b s o r p t i o n  s i g n a l s  a t  th e  two w a v e le n g th s .  The 
s i g n a l s  a t  1 8 4 .9  nm w ere  ; j u t  se v en  t im es  th e  s i z e  o f  th e  s i g n a l s  
a t  253 .7  nm. The l a t t e r  s i g n a l s  were l e s s  th a n  5 %  a b s o r p t i o n .  I t  
i s  w e l l  known^32 t h a t  th e  e r r o r  i n  m easurement o f  a s i g n a l  
I n c r e a s e s  a s  t h e  s i z e  o f  th e  s i g n a l  d e c r e a s e s .  A n a ly ses  were 
c a r r i e d  ou t a t  1 8 4 .9  nm because  o f  th e  b e t t e r  p r e c i s i o n  o b ta in e d  
a t  t h i s  w a v e le n g th .  The p r e c i s i o n  c o u ld  be s i g n i f i c a n t l y  improved 
w i th  th e  use  o f  an a u to m a t ic  background c o r r e c t i o n  s y s te m . With 
th e  s i n g l e  beam sy s te m  used  i n  t h i s  s tu d y ,  r e s o n a n c e  a b s o r p t i o n  
was m easu red  on s e v e r a l  a l i q u o t s  of each  sam p le .  Then the  
d e u te r iu m  lamp was s e t  up i n  p l a c e  of th e  h o l lo w  c a th o d e  lamp and 
background  a b s o r p t i o n  was m easu red  on s e v e r a l  a l i q u o t s  of each  
sam p le .  The a v e ra g e  background  s i g n a l  was s u b t r a c t e d  from th e  
a v e ra g e  re s o n a n c e  s i g n a l .  T h is  method was i n h e r e n t l y  l e s s  p r e c i s e  
t h a n  s u b t r a c t i o n  of th e  " r e a l "  background  c o n t r i b u t i o n  to  each  
r e s o n a n c e  s i g n a l .  C o n v e rs io n  o f  th e  p r e s e n t  sy s tem  t o  a d o u b le ­
beam sy s te m  c a p a b le  o f  a u to m a t i c  background c o r r e c t i o n  would have 
r e q u i r e d  a com p le te  r e d e s i g n  o f  th e  r f  i n d u c t i o n  c o i l s  and 
s h i e l d i n g .  Such a m ajo r  change i n  th e  sys tem  was n o t  d e s i r a b l e  i n  
th e  m id d le  o f  a s tu d y ,  b u t  w i l l  d e f i n i t e l y  be c o n s id e r e d  i n  f u t u r e  
sy s te m  d e s ig n  c h a n g es .
4 . C o n c e n t r a t i o n s  o f  M ercury  i n  Whole Blood
The v a lu e s  o b t a in e d  f o r  c o n c e n t r a t i o n s  o f  m ercu ry  i n  whole 
b lood  i n  t h i s  s tu d y  were h i g h e r  th a n  th o s e  r e p o r t e d  by o th e r  
r e s e a r c h e r s  f o r  an  unexposed  p o p u l a t i o n .  T h is  was e x p e c t e d .  Many
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of t h e  m ethods used  f o r  th e  d e t e r m i n a t i o n  of m ercu ry  i n  b lood have 
been  shown to  g iv e  low r e s u l t s  because  of in c o m p le te  d e g r a d a t io n  
o f  t h e  m a t r i x ,  in c o m p le te  e x t r a c t i o n  o f  m ercury  from th e  sam ple ,  
o r  f a i l u r e  t o  d e t e c t  a l l  t h e  c h e m ica l  form s o f  m ercu ry  p r e s e n t  i n  
t h e  sample* The d i r e c t  d e t e r m i n a t i o n  r e p o r t e d  h e re  i s  b e l i e v e d  to  
g iv e  a much more a c c u r a t e  e s t i m a t e  of m ercury  l e v e l s  i n  blood th a n  
methods- r e q u i r i n g  o x i d a t i o n  of th e  sample and s e p a r a t i o n  of th e  
m ercu ry  c o n ta in e d  t h e r e i n .
The d i s t r i b u t i o n  o f  c o n c e n t r a t i o n s  shown i n  F ig u re  36 does  
n o t  a p p e a r  to  be n o rm a l,  b u t  s in c e  o n e - t h i r d  of th e  sam ples  had 
c o n c e n t r a t i o n s  o f  m ercu ry  below th e  d e t e c t i o n  l i m i t ,  th e  a p p e a r ­
ance  o f  th e  d i s t r i b u t i o n  may be m i s l e a d i n g .  The c e n t e r  o f  th e  
d i s t r i b u t i o n  may be betw een 0 . 0 1  and 0 . 1 0  ppm, w i th  t h e  d a ta  
p o i n t s  shown i n  F ig u re  36 l y i n g  to  th e  r i g h t  of c e n t e r .
I t  was u n f o r t u n a t e l y  no t p o s s i b l e  t o  c h a r a c t e r i z e  th e  sampled 
p o p u l a t i o n  beyond th e  f a c t  t h a t  i t  c o n s i s t e d  o f  u n i v e r s i t y  
s t u d e n t s  who had v i s i t e d  th e  S tu d e n t  H e a l th  S e r v i c e .  No in fo rm a ­
t i o n  on th e  s e x ,  age  or p o s s i b i l i t y  o f  e x p o su re  to  m ercury  was 
a v a i l a b l e .  I t  was assumed t h a t  th e  p o p u l a t i o n  sampled r e p r e s e n t e d  
one w hich was no t o c c u p a t i o n a l l y  exposed  to  m ercu ry .  I t  s h o u ld  be 
n o t e d ,  how ever, t h a t  s o u th e r n  L o u i s ia n a  i s  famous f o r  I t s  s e a f o o d .  
S e a fo o d ,  e s p e c i a l l y  f i s h ,  i s  a w ell-know n s o u rc e  o f  m e th y lm ercu ry .  
An e x p o s u re  t o  m ethy lm ercu ry  th ro u g h  consum ption  o f  f i s h  canno t  be 
r u l e d  o u t .
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5. Concentrations of Mercury In Serum
D ata  a r e  not a v a i l a b l e  on th e  c o n c e n t r a t i o n  of m ercury  In  
t h e  serum of a "norm al"  p o p u l a t i o n ,  b u t  th e  l e v e l s  of m ercury  i n  
p lasm a may be t a k e n  as  a g u id e .  The c o n c e n t r a t i o n s  o f  m ercury  i n  
serum found  i n  t h i s  s tu d y  were h ig h e r  th a n  th o s e  r e p o r t e d  by o th e r  
r e s e a r c h e r s .  The mean c o n c e n t r a t i o n  ( 0 .3 2  ppm) was low er  th a n  the  
c o n c e n t r a t i o n s  found i n  serum f o l lo w in g  known a c u te  e x p o su re  to  
m eth y lm ercu ry  ( 1 . 9  -  2 .9  ppm).
The sample p o p u l a t i o n  was of th e  same s o r t  as  d e s c r i b e d  
a b o v e ,  b u t  th e  serum sam ples  and whole b lood  sam ples  d id  n o t  come 
from  th e  same s u b j e c t s .  I t  was t h e r e f o r e  im p o s s ib l e  t o  compare 
t h a t  r a t i o  o f  m ercu ry  i n  whole b lood  to  serum to  d e te rm in e  th e  
n a t u r e  o f  t h e  m ercury  p r e s e n t .
E. CONCLUSIONS AND SUMMARY
1. The use  of th e  q u a r t z  "T" a to m iz e r  and th e  ca rb o n  d i s k  
t e c h n iq u e  p e r m i t t e d  th e  d i r e c t  d e t e r m i n a t i o n  o f  m ercu ry  i n  whole 
b lood  and serum . Only 1 or 2 pL a l i q u o t s  were r e q u i r e d .
2. The use  of th e  q u a r t z  "T" a to m iz e r  e n a b le d  a tom ic  a b s o rp ­
t i o n  m easurem ents  t o  be made a t  th e  more s e n s i t i v e  18 4 .9  nm 
re s o n a n c e  l i n e ,  i n  th e  v a c u u m - u l t r a v i o l e t  r e g io n  of t h e  s p e c t ru m , 
r a t h e r  t h a n  a t  th e  more commonly employed 253 .7  nm l i n e .
3 . The a v e ra g e  c o n c e n t r a t i o n  of m ercury  i n  whole b lood  from a 
n o n - o c c u p a t i o n a l l y  exposed  p o p u l a t i o n  was found to  be 0 .4 3  +  0 .0 9  
ppm Hg. The ran g e  was from  <0.01 to  1 .9 0  ppm Hg.
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4. The a v e ra g e  c o n c e n t r a t i o n  of m ercu ry  In  serum from  a non- 
o c c u p a t i o n a l l y  exposed  p o p u l a t i o n  was found to  be 0 .3 2  +  0 .0 7  ppm 
Hg. The r a n g e  was from  <0 .01  to  1 .0 6  ppm Hg.
CHAPTER 5
THE DIRECT DETERMINATION OF MERCURY IN HAIR
A. INTRODUCTION
The spec im ens  most commonly used  f o r  r o u t i n e  c l i n i c a l  a n a ly s e s  
o f  m ercu ry  c o n c e n t r a t i o n s  a r e  b lood  and u r i n e .  U n f o r tu n a t e l y  th e y  
t e n d  to  r e f l e c t  o n ly  r e c e n t  e x p o s u re .  M ercury c o n c e n t r a t i o n s  i n  
t h e s e  f l u i d s  show a p o s i t i v e  c o r r e l a t i o n  w i th  m ercu ry  e x p o su re  f o r  
a g roup  o f  p e o p l e * ^  ( e . g . ,  i n  an i n d u s t r i a l  s t i t u a t i o n ) ,  bu t 
show poor c o r r e l a t i o n  w i th  m ercury  e x p o su re  f o r  an i n d i v i d u a l .
Wide d i u r n a l  and d a y - t o - d a y  v a r i a t i o n s  i n  b lood  and u r in e  have 
been r e p o r t e d  w hich  were in d e p e n d e n t  of e x p o s u re . ^ 2  i t  can  be 
c o n c lu d e d  t h a t  m ercury  c o n c e n t r a t i o n s  i n  b lood  and u r in e  n e i t h e r  
p r o v id e  a  good e v a l u a t i o n  of th e  a c c u m u la t io n  of m ercury  i n  
t i s s u e s * ®  nor  p r e d i c t  th e  e f f e c t s  o f  m ercury  e x p o su re  on an 
i n d i v i d u a l .
1. Use o f  H a i r  a s  a B i o l o g i c a l  I n d i c a t o r
I t  has  been  known f o r  many y e a r s  t h a t  h a i r  has  th e  a b i l i t y  
t o  s t o r e  q u a n t i t i e s  o f  e le m e n ts  w hich  a r e  p r e s e n t  i n  th e  body, 
e s p e c i a l l y  e le m e n ts  l i k e  l e a d ,  a r s e n i c  and m erc u ry .  C o n c e n t ra ­
t i o n s  o f  heavy m e t a l s  i n  h a i r  can p ro v id e  a t im e -d e p e n d e n t  r e c o rd  
o f  e x p o s u re  t o  t h e s e  m e t a l s . 190,191 H a i r  a p p e a r s  to  p r o v id e  a 
lo n g - t e r m  r e c o r d  o f  e x p o s u re  to  d i f f e r e n t  c h e m ica l  forms of 
m ercu ry  v i a  i n g e s t i o n  and t o p i c a l  a p p l i c a t i o n . 1 8 3 ,1 9 2 -1 9 4 ,1 5 ,1 6
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T here  a r e  many a d v a n ta g e s  I n  th e  use  of s c a l p  h a i r  a s  a b i o l o g i c a l  
In d e x  of m ercu ry  e x p o s u re * 195 appe a r s  to  p r o v id e  a t im e -  
and c o n c e n t r a t i o n - d e p e n d e n t  r e c o r d  o f  e x p o s u re .  I t  i s  r e l a t i v e l y  
s t a b l e ,  f a i r l y  hom ogeneous, e a s i l y  c o l l e c t e d  and e a s i l y  s t o r e d .  
M ercury l e v e l s  i n  h a i r  a r e  ab o u t  two o r d e r s  of m agn itude  h ig h e r  
th a n  l e v e l s  i n  b l o o d . H a i r  t i s s u e  i s  a good c h o ic e  f o r  
a n a l y s i s  when a c u m u la t iv e  t o x i n  l i k e  m ercury  i s  to  be d e te rm in e d  
b e c au se  i t  r e f l e c t s  e x p o su re  over  th e  t im e  p e r io d  of grow th of the  
h a i r . ,
H a i r  p r o t e i n  c o n s i s t s  of a p p ro x im a te ly  14% c y s t e i n e  
r e s i d u e s . w e l l - k n o w n  t h a t  m ercury  combines r e a d i l y  
w i th  th e  t h i o l  and d i s u l f i d e  g roups  p r e s e n t  i n  t h e s e  r e s i d u e s . 196 
I t  h a s  been  co n c lu d e d  t h a t  m ercu ry  p r o b a b ly  e x i s t s  i n  h a i r  a s  an 
i n t e g r a l  p a r t  o f  th e  h a i r  f i b e r  s t r u c t u r e ,  com plexed t o  th e  
s u l f u r - c o n t a i n i n g  s id e  c h a in s  o f  t h e  p r o t e i n . *97
I n t e r p r e t a t i o n  o f  d a ta  on m ercury  i n  s c a l p  h a i r  i s  com­
p l i c a t e d  b e c au se  a  wide v a r i e t y  of f a c t o r s  may i n f l u e n c e  th e  
c o n c e n t r a t i o n .  I t  h a s  been  r e p o r t e d  t h a t  th e  c o n c e n t r a t i o n s  of 
many t r a c e  m e t a l s ,  i n c l u d i n g  m ercu ry ,  i n c r e a s e  a lo n g  th e  h a i r  
s h a f t  from  t h e  s c a l p  t o  th e  d i s t a l  e n d .  195, 198,199 
g e n e r a l l y  assumed t h a t  h a i r  i s  m e t a b o l i c a l l y  i n e r t  a f t e r  i t  l e a v e s  
t h e  s c a l p .  T h e r e f o r e ,  I n c r e a s e d  c o n c e n t r a t i o n s  a t  th e  d i s t a l  end 
a r e  assumed t o  a r i s e  from e x t e r n a l  s o u r c e s .  C o n t in u o u s ,  bu t 
v a r i a b l e ,  e x p o s u re  t o  e n v i r o n m e n ta l  p o l l u t a n t s  and h a i r  t r e a tm e n t s  
can  c a u se  e x t e r n a l  d e p o s i t i o n  on and d i f f u s i o n  i n t o  t h e  h a i r
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m a t r ix  of an  e le m en t  l i k e  m e rc u ry ,  g iv e n  b o th  th e  io n -e x c h an g e  
n a tu r e  of h a i r  and th e  s t r o n g  a f f i n i t y  o f  m ercu ry  f o r  s u l f u r  
g r o u p s .  A q u e s t i o n  rem a in s  a s  t o  th e  n a tu r e  of th e  bond between 
e x t e r n a l l y - a p p l i e d  m ercu ry  and th e  h a i r  s h a f t ,  b u t  th e  a v a i l a b l e  
d a t a  i n d i c a t e  t h a t  w ash ing  does  n o t  s i g n i f i c a n t l y  a f f e c t  th e  
m ercu ry  c o n c e n t r a t i o n  i n  h a i r .  M ercury  l e v e l s  i n  th e  h a i r  of a 
n o n - o c c u p a t i o n a l l y  exposed  p o p u l a t i o n  may r e f l e c t  th e  am bien t 
m ercu ry  l e v e l s  i n  th e  e n v i ro n m e n t .  A number o f  r e s e a r c h e r s  have 
d e te rm in e d  such  m ercury  l e v e l s  and some r e p o r t e d  v a lu e s  f o r  
"n o rm a l"  m ercu ry  l e v e l s  i n  h a i r  a r e  p r e s e n t e d  i n  T a b le  22. Most 
s t u d i e s  i n d i c a t e d  t h a t  a v e ra g e  m ercu ry  c o n c e n t r a t i o n s  ran g ed  from 
2-9  ppm, w i th  th e  d i s t r i b u t i o n  skewed tow ard  low er c o n c e n t r a t i o n s .  
As can  be s e e n  from th e  d a ta  i n  T a b le  22, th e  ran g e  o f  
c o n c e n t r a t i o n s  found w i t h i n  a g iv e n  s tu d y  o f t e n  v a r i e s  w id e ly .
M ercury c o n c e n t r a t i o n s  i n  h a i r  have been  c o r r e l a t e d  w i th  
i n g e s t i o n  o f  m e r c u r y ,1 9 0 , e s p e c i a l l y  th ro u g h  i n g e s t i o n  of 
m e rc u ry -c o n ta m in a te d  f i s h ,  so d i e t  p la y s  an  im p o r ta n t  r o l e .  
C o n c e n t r a t i o n  v a r i a t i o n s  have been  n o ted  among p e r s o n s  l i v i n g  
u n d e r  th e  same e n v i r o n m e n ta l  c o n d i t i o n s  and among s i n g l e  h a i r s  
t a k e n  from  th e  same i n d i v i d u a l .  D i f f e r e n c e s  i n  t r a c e  m e ta ls  
c o n c e n t r a t i o n s  i n  h a i r  have been  n o te d  w i th  a g e ,  sex  and h a i r  
c o l o r . *97 "Norm al” m ercu ry  l e v e l s  i n  h a i r  can t h e r e f o r e  
depend on i n d i v i d u a l  m e ta b o l is m ,  g e o g r a p h ic  l o c a t i o n ,  d i e t  and 
p e r s o n a l  h y g ien e  h a b i t s  among o t h e r  t h i n g s .  L o n g i tu d i n a l  
c o n c e n t r a t i o n  v a r i a t i o n s  may be c a u se d  by s p e c i f i c  e x p o su re  to
L o c a t io n  of 
P o p u la t io n
Normal M ercury
A n a l y t i c a l
Method
T ab le  22
C o n c e n t r a t io n s  i n  S c a lp  H a ir
(number of 
p e o p le d  sam pled) mean
ppm Hg i n  
ran g e
h a i r
R e fe re n c e
CANADA NAA 776 1 . 8 0-19 53
NEW ZELAND NAA 33 2 . 2 0 .3 -3 4 54
USA NAA 33 1 . 8 0 . 5 - 5 . 3 54
JAPAN D ith iz o n e 94 4 .2 0 .9 - 1 2 55
NEW ZELAND NAA 33 1 . 8 0 .1 - 3 3 54
USA (m a les ) AAS 80 1 0 . 1 1 2
USA ( fe m a le s ) AAS 147 2 0 . 8 1 2
USA (m a les ) AAS 83 1 8 .0 13
USA ( fe m a le s ) AAS 143 19 .0 13
USA (m a les ) AAS 18 5 .4 40
USA ( f e m a le s ) AAS 19 3 .7 40
USA AAS-quartz T 54 5 .6 0 .2 - 2 7 .5 t h i s  s tu d y
USA (m a les ) AAS-quartz T 32 4 .6 0 .2 - 2 4 .7 t h i s  s tu d y
USA ( fe m a le s ) AAS-quartz T 2 2 7 .0 0 .2 - 2 7 .5 t h i s  s tu d y
a )  NAA = N eu tron  A c t i v a t i o n  A n a ly s e s ;  AAS = Atomic A b s o rp t io n  S p e c t ro s c o p y .
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m e rc u ry ,  b u t  may a l s o  be a f f e c t e d  by, f o r  exam ple ,  p h y s i c a l  
a b r a s i o n  of th e  h a i r  m a t r ix  by b r u s h in g .  O the r  f a c t o r s  which may 
a f f e c t  th e  s t u d i e s  of "norm al"  m ercury  c o n c e n t r a t i o n s  i n  h a i r  
i n c l u d e  th e  sam p lin g  t e c h n iq u e  and th e  method o f  a n a ly s i s .195
For exam ple ,  a v a r i a t i o n  can  be e x p e c te d  i f  h a i r  i s  c o l l e c t e d  
from  c l i p p i n g s  as  opposed  to  p lu c k in g  h a i r  from s p e c i f i c  r e g io n s  
o f  t h e  h e a d .  A n a ly s i s  of d i f f e r e n t  p a r t s  o f  th e  h a i r  s h a f t  can 
c a u se  s i g n i f i c a n t  v a r i a t i o n .
I t  i s  a l s o  i l l u s t r a t e d  in  T a b le  22 t h a t  n e u t r o n  a c t i v a t i o n  
a n a l y s i s  g iv e s  low er d a ta  th a n  m ethods i n v o lv i n g  a tom ic  a b s o r p t i o n  
o r  d i t h i z o n e  c o l o r i m e t r y .  The fo rm er  method in v o lv e s  a minimum of 
sam ple p r e p a r a t i o n ,  b u t  s i g n i f i c a n t  p o s t - e x c i t a t i o n  s e p a r a t i o n .
The l a t t e r  m ethods r e q u i r e  sam ple p r e t r e a t m e n t  b e fo r e  a n a l y s i s ,  
su ch  a s  o x i d a t i v e  d i g e s t i o n  and p r e c o n c e n t r a t i o n .
2 . P rob lem s i n  t h e  A n a ly s i s  o f  H a i r
A n a ly s i s  o f  h a i r  p r e s e n t e d  many of th e  p rob lem s common to  
a n a l y s i s  o f  o t h e r  b i o l o g i c a l  t i s s u e s .  These in c lu d e d  low con­
c e n t r a t i o n s  o f  th e  e le m en t  o f  i n t e r e s t ,  l i m i t e d  q u a n t i t y  of sample 
a v a i l a b l e ,  and a com plex , v a r i a b l e  m a t r ix .  These a n a l y t i c a l  
p rob lem s were u s u a l l y  overcome by d e s t r u c t i o n  of th e  sample m a t r ix  
fo l lo w e d  by th e  d e t e r m i n a t i o n  o f  th e  e le m en t  o f  i n t e r e s t .  
D e s t r u c t i o n  of th e  h a i r  m a t r ix  was u s u a l l y  a c c o m p lish e d  by 
d r y - a s h i n g  i n  a m u ff le  f u r n a c e  o r  by wet d i g e s t i o n  w i th  concen­
t r a t e d  m in e r a l  a c id  o r  s t r o n g  o x i d i z i n g  a g e n t s .  Dry a s h in g  was 
fo l lo w e d  by d i s s o l u t i o n  o f  th e  r e s i d u e  to  c o n v e r t  th e  e le m en t
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o f  I n t e r e s t  t o  a  known c h e m ica l  form . I f  n e c e s s a r y ,  c o n c e n t r a t i o n  
o f  th e  e le m en t  from  t h i s  s o l u t i o n  was a c c o m p lish e d  by io n  
e x c h a n g e ,  c h e l a t i o n  and e x t r a c t i o n ,  o r  e v a p o r a t i o n  of th e  s o l v e n t .  
W ith v o l a t i l e  compounds l i k e  th o s e  o f  m erc u ry ,  s i g n i f i c a n t  l o s s e s  
o f  t h e  e le m en t  can o c c u r  i n  t h e s e  p r e l i m i n a r y  s t e p s . ^ 8  These 
l o s s e s  may r e s u l t  i n  l a r g e  n e g a t i v e  e r r o r s  i n  th e  d e t e r m i n a t i o n .  
L arge  p o s i t i v e  e r r o r s  can  a l s o  o c c u r  i n  t h e s e  p r e l i m i n a r y  s t e p s ,  
th ro u g h  c o n ta m in a t io n  of t h e  sample by m ercu ry  which may be 
p r e s e n t  i n  added r e a g e n t s .
E r r o r s  i n  d e te rm in e d  m ercu ry  c o n c e n t r a t i o n s  can a l s o  r e s u l t  
d u r in g  s to r a g e  of e i t h e r  th e  aqueous  sample or th e  aqueous m ercury  
s t a n d a r d  s o l u t i o n s .  S o l u t i o n s  of m ercu ry  s a l t s  have been  shown to  
l o s e  v o l a t i l e  m ercu ry  v e r y  r e a d i l y . ^0 C a l i b r a t i o n  c u rv e s  
p r e p a r e d  from d e t e r i o r a t e d  s o l u t i o n s  w i l l  be i n a c c u r a t e  and r e s u l t  
i n  f a l s e l y  h ig h  sample c o n c e n t r a t i o n s .  S i m i l a r i l y ,  s t o r e d  sam ples 
may l o s e  m e rc u ry ,  c a u s i n g  low an sw ers  t o  be o b t a in e d .
The h a i r  sample can  be c o n ta m in a te d  by e x t e r n a l  s o u rc e s  such  
a s  s w e a t ,  a p p l i e d  h a i r  p r e p a r a t i o n s  (sham poo) o r  d u s t .  N o rm ally ,  
a  w ash ing  p ro c e d u re  I s  employed p r i o r  to  a n a l y s i s .  H a i r  i s  a 
n a t u r a l  i o n - e x c h a n g e r , how ever ,  and may l o s e  i o n i c  m a t e r i a l  f o r  an 
i n d e f i n i t e  number o f  w a s h e s , s o  some a u th o r s  a d v o c a te d  no 
w ash ing  a t  a l l .  ^02 P ro c e d u r e s  f o r  w ash ing  th e  h a i r  sample 
p r i o r  t o  a n a l y s i s  a r e  v a r i e d .  A c e to n e ,  w a t e r ,  d e t e r g e n t s ,  
a l c o h o l s  and e t h e r s  have  been  u s e d ,  e i t h e r  a lo n e  o r  In  combina­
t i o n .  Recommended w a sh in g  p e r i o d s  ra n g e d  from a  few se co n d s  to  
s e v e r a l  h o u r s .
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3. Methods Used t o  D e te rm ine  Hg I n  H a i r
Many a n a l y t i c a l  m ethods have been used  t o  d e te rm in e  
m ercury  i n  h a i r .  Methods In  c u r r e n t  use  In c lu d e  c o l o r i m e t r y ,  
n e u t r o n  a c t i v a t i o n  a n a l y s i s  (NAA) and a tom ic  a b s o r p t i o n  
s p e c t r o s c o p y  (AAS). C o l o r i m e t r i c  a n a l y s i s  i s  u s u a l l y  pe rfo rm ed  by 
m e a su r in g  th e  a b s o r p t i o n  of o ran g e  m ercury  d l t h i z o n a t e  i n  CHCI3  
a t  490 nm. H a ir  Bamples a r e  d i g e s t e d  o r  a shed  and th e  r e s i d u e  
d i s s o l v e d .  D i th iz o n e  i s  added and th e  s o l u t i o n  i s  made s t r o n g l y  
a c i d i c .  M ercury d l t h i z o n a t e  i s  e x t r a c t e d  i n t o  CHCI3  and th e  
a b s o r p t i o n  by th e  CHCI3  l a y e r  a t  490 nm i s  m easu red . D i th iz o n e  
i s  n o t  a s p e c i f i c  c h e l a t i n g  a g e n t  f o r  m erc u ry ,  so i n t e r f e r i n g  io n s  
Cu,Ag, Au, Pd and Pt must be e l i m i n a t e d  th ro u g h  th e  use  of m asking  
a g e n t s .  The d e t e c t i o n  l i m i t  o f  t h i s  te c h n iq u e  i s  r e p o r t e d  t o  be 
a p p ro x im a te ly  5 x  10“ ®g IJg. *^2
NAA h a s  been used  e x t e n s i v e l y  i n  th e  d e t e r m i n a t i o n  o f  t r a c e  
m e ta l s  i n  h a i r . 198 ,2 0 2 -2 0 5  -phe h a i r  sample i s  s e a l e d  i n  a 
q u a r t z  or p o ly e th y le n e  v i a l  and i s  i r r a d i a t e d .  ^ ^ H g ,  a gan]ina 
e m i t t e r ,  i s  formed from m ercury  p r e s e n t  i n  t h e  sample and c o u n te d .  
The i n t a c t  h a i r  sample can  be c o u n te d .  The d e t e c t i o n  l i m i t  f o r  
n o n - d e s t r u c t i v e  NAA i s  abou t  1 .7  x  10” ®g H g .-^  ^he d e t e c ­
t i o n  l i m i t  can be low ered  i f  p o s t - i r r a d i a t i o n  d i s s o l u t i o n  of th e  
sam ple and s e p a r a t i o n  o f  m ercury  i s  perfo rm ed  p r i o r  to  m easurem ent 
o f  th e  gamma r a d i a t i o n  e m i t t e d  by ^ ^ H g .  The d e t e c t i o n  l i m i t  
i s  lowered^*® t o  a p p ro x im a te ly  2 x 10- ^®g. T h is  has  become
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a p o p u la r  p r o c e d u r e .  The enhanced  s e n s i t i v i t y  of d e s t r u c t i v e  NAA 
h a s  e n a b le d  w o rk e rs  to  d e te rm in e  m ercury  c o n c e n t r a t i o n s  i n  h a i r  
segm en ts  5-cm lo n g .  P o s t - i r r a d i a t i o n  s e p a r a t i o n  t e c h n iq u e s  
i n c l u d e  d i s t i l l a t i o n  o f  m ercu ry  and t r a p p i n g  th e  vapo r  on go ld
f o i l , 2 0 ? i o n  exchange, 208 i so to p e  exchange, 209 an(j p r e c i­
p i t a t i o n  a s  th e  s u l f i d e .  2 1 0  ^AA has  t h e  g r e a t  a d v a n ta g e  of 
b e in g  a m u l t ie l e m e n t  t e c h n i q u e ,  b u t  some prob lem s have been 
e n c o u n te re d  i n  m ercury  d e t e r m i n a t i o n s .  P roblem s in c lu d e  l o s s  of 
m ercu ry  d u r in g  i r r a d i a t i o n ,  i n t e r f e r e n c e  from o th e r  r a d i o a c t i v i t i e s  
p ro d u ced  by m a t r i x  components and poor r e p r o d u c i b i l i t y . 2 1 1 » 2 1 2  
A n u c l e a r  r e a c t o r  i s  r e q u i r e d  f o r  i r r a d i a t i o n  of th e  sam p le .  
A p p ro x im a te ly  6  days  a r e  r e q u i r e d  f o r  a c t i v a t i o n  and c o u n t in g  of 
m ercu ry  i n  h a i r  s a m p le s .
I n o r g a n i c  and o r g a n ic  m ercu ry  compounds i n  h a i r  have been 
d e te rm in e d  by g a s  c h ro m a to g r a p h y .121 The o r g a n ic  m ercury  
compounds a r e  e x t r a c t e d  i n t o  benzene from an  a l k a l i n e  d i g e s t  of 
h a i r .  The u n e x t r a c t e d  i n o r g a n i c  m ercu ry  i s  m e th y la te d  w i th  
t e t r a m e t h y l  t i n  and th e n  e x t r a c t e d  i n t o  b en z en e .  Bromide 
d e r i v a t i v e s  o f  th e  e x t r a c t e d  compounds a r e  fo rm ed , s e p a r a t e d  by 
gas  ch ro m a to g rap h y  and d e t e c t e d  w i th  a n  e l e c t r o n  c a p tu r e  d e t e c t o r .  
The d e t e c t i o n  l i m i t  i s  abou t  1 ppb w i th  70-90% r e c o v e r y  o f  added 
m ercu ry .
A. The Use o f  Atomic A b s o r p t io n  t o  D e te rm ine  M ercury 
AAS h a s  been used  w id e ly  i n  h a i r  a n a l y s i s .  Both 
e l e c t r o t h e r m a l  and c o ld - v a p o r  t e c h n i q u e s  have been a p p l i e d
193
s u c c e s s f u l l y  t o  th e  d e t e r m i n a t i o n  o f  m ercury  i n  h a i r .  E l e c t r o ­
t h e r m a l  a to m iz a t io n  i n  a com m ercial g r a p h i t e  f u rn a c e  has  been used 
t o  m easure  d i r e c t l y  t r a c e  m e ta l  c o n c e n t r a t i o n s  i n  1 -cm h a i r  
s e g m e n ts ,  b u t  m ercury  was n o t  among th e  m e ta l s  d e te rm in e d .  
C o n v e n t io n a l  e l e c t r o t h e r m a l  AAS a n a l y s i s  r e q u i r e s  sample d i s s o l u ­
t i o n  and p r e c o n c e n t r a t i o n  of m erc u ry .
A n a ly s i s  by th e  c o ld - v a p o r  t e c h n i q u e ^  u s u a l l y  
p re c e d e d  by o x i d a t i o n  w i th  p e rm a n g a n a te .  The m e rc u r ic  io n  
re m a in in g  i n  s o l u t i o n  i s  red u c e d  to  e l e m e n ta l  m ercury  v a p o r  by 
a c i d i c  s ta n n o u s  c h l o r i d e .  The r e l e a s e d  m ercury  v a p o r  i s  swept 
i n t o  an a b s o r p t i o n  c e l l  i n  t h e  l i g h t  p a th  of an a tom ic  a b s o r p t io n  
s p e c t r o m e t e r .  The a b s o r p t i o n  o f  t h e  253 .7  mm m ercury  r e s o n a n c e  
l i n e  i s  m ea su red .
O x y g e n - f i l l e d  c om bus t ion  tu b e s  have a l s o  been  used  to  d e s t r o y  
th e  h a i r  m a t r i x .  The r e l e a s e d  m ercu ry  v a p o r  i s  t r a p p e d  by 
am a lg am a tio n  w i th  g o ld  f o i l . 214 M ercury i s  r e l e a s e d  from th e  
g o ld  f o i l  by h e a t i n g  or e l e c t r o l y s i s  and th e  r e l e a s e d  vapor  i s  
swept i n t o  an a b s o r p t i o n  c e l l  a s  ab o v e .
The d e t e c t i o n  l i m i t  o f  th e  c o ld  vapor-AAS t e c h n iq u e  i s  abou t 
6  x  10” 10g Hg. The t e c h n iq u e  has  th e  a d v a n ta g e  of b e in g  q u ic k  
and I n e x p e n s i v e ,  b u t  s i g n i f i c a n t  l o s s  of v o l a t i l e  m ercury  and 
s i g n i f i c a n t  sample c o n ta m in a t io n  can  o c c u r .
A l l  r e p o r t e d  AAS a n a l y s e s  o f  m ercury  in  h a i r  have used  th e  
s p i n - f o r b i d d e n  r e s o n a n c e  l i n e  a t  253 .7  nm. I t  h a s  been known t h a t  
t h e  184 .9  nm re s o n a n c e  l i n e  has  an  o s c i l l a t o r  s t r e n g t h  w hich i s
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f o r t y - f i v e  t im e s  g r e a t e r  th a n  th e  o s c i l l a t o r  s t r e n g t h  of th e  184.9  
nm l in e *  A lthough  th e  g r e a t e r  o s c i l l a t o r  s t r e n g t h  of th e  184 .9  nm 
l i n e  s h o u ld  l e a d  to  I n c r e a s e d  AAS s e n s i t i v i t y , ^  l i n e  has
n o t  been  used  e x t e n s i v e l y  i n  m ercu ry  d e t e r m i n a t i o n s .  D i f f i c u l t y  
was e n c o u n te re d  i n  w orking  a t  184 .9  nm, i n  th e  v a c u u m - u l t r a v i o l e t  
r e g i o n ,  b e c a u se  of m o le c u la r  a b s o r p t i o n  by b o th  a tm o s p h e r ic  oxygen 
and m o le c u le s  l i k e  H2  and CO w hich  a r e  produced  d u r in g  sample 
a t o m i z a t i o n .  S u c c e s s f u l  e x p l o i t a t i o n  of t h i s  l i n e  has been 
r e p o r t e d  i n  th e  d i r e c t  d e t e r m i n a t i o n  o f  m ercu ry  i n  a i r ^  and 
i n  th e  c o ld  vapor  t e c h n iq u e  d e t e r m i n a t i o n  o f  m ercury  i n  w a te r  and 
b i o l o g i c a l  t i s s u e s .
Because o f  th e  l i m i t a t i o n  i n h e r e n t  i n  any te c h n iq u e  which 
r e q u i r e s  p r e l i m i n a r y  d e s t r u c t i o n  of th e  sam ple m a t r ix  o r  t r a p p i n g  
and c o n c e n t r a t i o n  of th e  e le m en t  to  be d e te r m in e d ,  a method f o r  
t h e  a n a l y s i s  o f  m ercu ry  i n  h a i r  was d e s i r e d  t h a t  would p e rm it  
s e n s i t i v e ,  a c c u r a t e ,  r e p r o d u c i b l e  d e t e r m i n a t i o n s  w i th o u t  any 
sam ple  p r e t r e a t m e n t .  Such a method f o r  d i r e c t  a n a l y s i s  of 
b i o l o g i c a l  t i s s u e s  was r e a d i l y  a v a i l a b l e  th ro u g h  th e  use  o f  th e  
q u a r t z  "T" a to m iz e r  f o r  e l e c t r o t h e r m a l  a to m ic  a b s o r p t i o n  s p e c t r o ­
s c o p y .  The q u a r t z  "T" a to m iz e r  h a s  a  d i r e c t  a n a l y s i s  c a p a b i l i t y  
f o r  s o l i d  h a i r  sam ples  and has  been u sed  f o r  th e  a n a l y s i s  of 
cadmium in  h a i r . 216 i t  a l lo w e d  th e  u se  of th e  more s e n s i t i v e  
v a c u u m - u l t r a v i o l e t  r e s o n a n c e  l i n e  by th e  s im p le  e x p e d ie n t  of 
f l u s h i n g  th e  o p t i c a l  l i g h t  p a th  w i th  n i t r o g e n  o r  some o t h e r  
n o n - a b s o r b in g  g a s .  I t  was t h e  p u rp o se  o f  t h i s  s tu d y  to  e x p l o i t
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b o th  of t h e s e  a d v a n ta g e s  to  e n a b le  th e  d i r e c t  d e t e r m i n a t i o n  of 
m ercury  i n  th e  s c a l p  h a i r  o f a n o n - o c c u p a t i o n a l l y  exposed  
p o p u l a t i o n .
B. EXPERIMENTAL
1. Equipment
The q u a r t z  "T” a to m ic  a b s o r p t i o n  sy s tem  has  been d e s c r i b e d  
i n  C h a p te r  1.
2 . A n a l y t i c a l  P ro c e d u re
a .  O p e ra t in g  P a ra m e te r s
A l l  h a i r  a n a ly s e s  were pe rfo rm ed  a t  184 .9  nm. The 
o p e r a t i n g  p a ra m e te r s  u sed  w ere th e  same as  th o s e  l i s t e d  i n  C h a p te r  
1 f o r  work a t  184.9  nm.
b . Sample C o l l e c t i o n
H a ir  from m ales  and fe m a le s  i n  th e  L o u i s ia n a  S t a t e  
U n i v e r s i t y  p o p u l a t i o n  was a n a ly z e d .  C h e m is t ry  f a c u l t y  and 
g r a d u a te  s t u d e n t s  c o n s t i t u t e d  t h e  b u lk  of th e  sam pled  g ro u p ,  bu t 
u n d e rg r a d u a te  s t u d e n t s ,  s e c r e t a r i a l  p e r s o n n e l  and c h i l d r e n  were 
i n c l u d e d .  None o f  t h e  sampled p o p u l a t i o n  was o c c u p a t i o n a l l y  
ex p o sed  t o  m ercury  ( o t h e r  t h a n  no rm al l a b o r a t o r y  e x p o s u r e ) .  Two 
o f  t h e  s u b j e c t s  were c u r r e n t l y  w ork ing  w i t h  e l e m e n t a l  m ercury  on 
a l i m i t e d  b a s i s .  S ix  of t h e  f i f t y - f o u r  s u b j e c t s  were d a i l y  
c i g a r e t t e  sm okers .  Most s u b j e c t s  consumed f i s h  two t o  f o u r  t im e s  
p e r  month.
H a i r  sam ples  were o b t a in e d  by p lu c k in g  s i n g l e  h a i r s  d i r e c t l y  
from  th e  s c a l p .  The h a i r s  were p la c e d  be tw een  s h e e t s  of g l a s s i n e
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powder p ap e r  ( E l i  L i l l y  and C o . )  u n t i l  a n a l y s i s .  H a i r  sam ples  
were n o rm a l ly  o b t a in e d  on th e  day o f  a n a l y s i s .  Sam ples c o l l e c t e d  
o u t s i d e  th e  l a b o r a t o r y  were t r a n s p o r t e d  i n  p l a i n  w h i te  en v e lo p es*  
Only th o s e  h a i r s  w hich had a v i s i b l e  r o o t  t e rm in u s  were a n a ly z e d .  
A l l  s a m p le -h a n d l in g  equ ipm ent was c le a n e d  w i th  10% ( v / v )  HNO3 .
S in g le  h a i r s  were r i n s e d  i n  a s t r e a m  of d e io n iz e d  d i s t i l l e d  
w a te r  from a wash b o t t l e  to  remove g r o s s  s u r f a c e  c o n ta m in a t io n .  
Some sam ples  were a n a ly z e d  w i th o u t  w ashing  and some were r i n s e d  i n  
a c e to n e  to  a l lo w  a com par ison  of w ash ing  p r o c e d u r e s .  C leaned  
h a i r s  were h a n d le d  w i th  t w e e z e r s .
S in g le  whole h a i r s  were c u t  i n t o  1-cm segm ents  u s in g  a r a z o r  
b l a d e .  The r o o t  t e rm in u s  and a d j a c e n t  0 .5  cm of h a i r  were cu t  o f f  
and d i s c a r d e d  to  a v o id  e r r o n e o u s  a n a l y s i s  of f o l l i c l e  m a t e r i a l .
The segm en ts  were w eighed t o  th e  n e a r e s t  0 .01  mg on a M e t t l e r  H-10 
a n a l y t i c a l  b a la n c e .  Segments g e n e r a l l y  weighed be tw een  0 .0 5  and
0 .1  mg/cm. The p r e c i s i o n  o f  th e  w e igh ing  s t e p  was t h e r e f o r e  
b e tw een  1 0  and 2 0 %.
A 1-cm segment was used  b e c au se  i t  p roduced  an  a to m ic  
a b s o r p t i o n  s i g n a l  o f  a p p ro x im a te ly  1 0 % and a m o le c u la r  a b s o r p t io n  
s i g n a l  o f  o n ly  ab o u t  5%. I t  was n o t  d e s i r a b l e  t o  i n c r e a s e  th e  
amount of h a i r  t a k e n  f o r  a n a l y s i s .  As can be se en  from  F ig u re  12, 
t h e  c a l i b r a t i o n  cu rve  i s  n o t  l i n e a r .  I t  was d e s i r a b l e  to  keep  th e  
a to m ic  a b s o r p t i o n  s i g n a l  from th e  sample i n  th e  most l i n e a r  r e g io n  
o f  t h e  c u r v e ,  be tw een  15 and 30% a b s o r p t i o n .  Longer h a i r  s e c t i o n s  
d e c r e a s e d  th e  a b i l i t y  t o  o b se rv e  l o n g i t u d i n a l  v a r i a t i o n s  i n
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c o n c e n t r a t i o n .  Longer h a i r  segm ents  a l s o  had a t e n d e n c y  to  h i t  
t h e  h e a te d  w a l l  of t h e  i n n e r  s l e e v e  above th e  c a rb o n  bed* They 
a d h e re d  t o  th e  w a l l  and p y ro ly z e d  t h e r e  i n s t e a d  of on th e  ca rb o n  
b e d .  T h is  r e s u l t e d  i n  in c o m p le te  sample d e g r a d a t i o n .
c .  D e te rm in a t io n  o f  M ercury
A n a ly s i s  was p e rfo rm e d  by i n s e r t i n g  a c le a n e d  h a i r  
segment i n t o  th e  i n n e r  s l e e v e  o f  th e  a to m iz e r  and d ro p p in g  th e  
segment d i r e c t l y  o n to  th e  h o t  ca rb o n  bed . C are  was t a k e n  to  
i n s u r e  t h a t  th e  segment was i n s e r t e d  below th e  l e v e l  o f  th e  purge  
g a s  i n l e t .  Resonance a b s o r p t i o n  was m easured  a t  184 .9  nm w i t h  th e  
dem oun tab le  m ercury  ho l lo w  c a th o d e  lamp a s  t h e  s o u r c e .  Background 
m o le c u la r  a b s o r p t i o n  was m easu red  a t  th e  same w a v e le n g th  s e t t i n g  
w i th  t h e  d e u te r iu m  lamp as  th e  l i g h t  s o u r c e .
M ercury c o n c e n t r a t i o n s  were d e te rm in e d  a lo n g  th e  h a i r  s t r a n d  in  
1-cm segm en ts  from th e  p ro x im a l  ( r o o t )  end  t o  th e  d i s t a l  e n d .  The 
f i r s t  and second  segm ents  from  th e  r o o t  and th e  f i r s t  and second 
segm en ts  from th e  d i s t a l  end were a v e ra g e d  t o  g iv e  p ro x im a l  and 
d i s t a l  c o n c e n t r a t i o n s ,  r e s p e c t i v e l y .
d .  C a l i b r a t i o n .
C a l i b r a t i o n  was pe rfo rm ed  u s in g  e l e m e n t a l  m ercu ry  
v a p o r .  A ir  was s a t u r a t e d  w i th  d i s t i l l e d  e l e m e n t a l  m ercu ry  a t  room 
t e m p e r a tu r e  i n  a s e r i e s  o f  sep tum -capped  g l a s s  b o t t l e s .  A 1-ml 
g a s - t i g h t  s y r in g e  (H a m il to n  No. 1001) was used  to  i n j e c t  v a r i o u s  
q u a n t i t i e s  of H g - s a tu r a t e d  a i r  i n t o  th e  a t o m i z e r .  C are  was t a k e n  
i n s u r e  t h a t  th e  s y r i n g e  t i p  was w e l l  below th e  purge  g as  i n l e t .
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The w e ig h t  of m ercu ry  In  th e  s a t u r a t e d  a i r  was c a l c u l a t e d  from 
v a p o r  p r e s s u r e  d a t a . ^ 7  po r  ex am p le ,  a t  2 0 .0 °C , th e  vapo r  
p r e s s u r e  m ercu ry  i s  159 .99  x 10“ ^ P a ,  w hich  i s  e q u i v a l e n t  to  
13 .1 7  mg Hg/cm^. The r e s u l t s  of a  s e r i e s  o f  t h e s e  c a l c u l a ­
t i o n s  a r e  p r e s e n t e d  g r a p h i c a l l y  i n  F ig u re  11. A t y p i c a l  
c a l i b r a t i o n  cu rve  i s  shown i n  F ig u r e  12. The s e n s i t i v i t y ,  d e f i n e d  
a s  t h a t  q u a n t i t y  o f  m ercu ry  e q u a l  to  1% a b s o r p t i o n ,  was 1 .5  x 
10” H g  and th e  r e l a t i v e  s t a n d a r d  d e v i a t i o n  was + 7%. T y p ic a l  
a b s o r p t i o n  s i g n a l s  f o r  h a i r  segm ents and s t a n d a r d s  a r e  shown i n  
F ig u r e  37.
C. RESULTS
1. V a r i a t i o n  i n  M ercury  C o n c e n t r a t i o n  Along t h e  H a i r  S h a f t  
T a b le  23 p r e s e n t s  t h e  a v e ra g e  p ro x im a l  and d i s t a l  m ercury  
c o n c e n t r a t i o n s  found i n  34 o f  th e  a d u l t s  sam p led . The a v e ra g e  
p ro x im a l  c o n c e n t r a t i o n  i n  fe m a le s  was 2 .7  ppm Hg and i n  m a le s ,  0 .9  
ppm Hg. The a v e ra g e  d i s t a l  c o n c e n t r a t i o n  i n  f e m a le s  was 5 .9  ppm 
Hg and i n  m a le s ,  2 .0  ppm Hg. D i s t a l  c o n c e n t r a t i o n s  were abou t  
t h r e e  t im e s  h ig h e r  t h a n  p ro x im a l  c o n c e n t r a t i o n s .  T w e n ty - f iv e  
p e r c e n t  o f  t h e  sam pled  p o p u l a t i o n ,  i n c l u d i n g  a l l  o f  th e  c h i l d r e n  
sa m p le d ,  showed e i t h e r  unchanged o r  d e c r e a s e d  m ercu ry  c o n c e n t r a ­
t i o n s  w i th  r e s p e c t  to  d i s t a n c e  from th e  s c a l p .
Two s u b j e c t s  who were w ork ing  w i t h  e l e m e n t a l  m ercury  showed 
m erc u ry  c o n c e n t r a t i o n  s p ik e s  a lo n g  th e  h a i r  s h a f t .
FIGURE 3 7 : RESCMANCE (H g) AND MOLECULAR BACKGROUND (Da ) ABSORPTION SIGNALS ARE SHOWN FOR 1 -cm  HAIR 








l l i i i  iMa s MaIa
0 .0 5  ml
0.01 ml
sol'd Hg vopor
Hg HCL D2 lamp standards at I9.5°C
Typical signals from I cm hair segments and 
mercury standards at 184.9 nm
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Table 23
S u b je c t
S t ra n d
Length
(cm)
M ercury C o n c e n t r a t i o n s  i n  H a ir  
Female
ppm Hg [Hg] D i s t a l  
P ro x im a l  D i s t a l  [Hg] P rox im al
: P ro x im a l  V ersus
S tra n d  
Length  
S u b je c t  (cm)
D i s t a l
Male
ppm Hg 
P rox im al  D i s t a l
[Hg] D i s t a l  
[Hg] P rox im al
1 30 3 .2 9 .6 3 .0 1 5 0 . 1 0 .5 5 .0
2 1 0 0 . 6 1 . 1 1 . 8 2 1 0 0 .5 0 .3 0 . 6
3 5 1 . 2 6 .5 5 .4 3 8 0 . 1 2 .5 19 .0
4 2 0 0 . 8 4 .2 5 .0 4 13 0 .4 0 .4 1 . 0
5 19 1 . 0 2 . 8 2 . 8 5 1 0 0 .9 0 .9 1 . 0
6 8 2 . 1 13.1 6 . 1 6 1 1 1 . 2 0 .7 0 . 6
7 2 0 7 .5 15.3 2 . 0 7 6 0 . 6 2 . 0 3 .3
8 2 0 8 .3 5 .8 0 .7 8 7 0 .7 1 .5 2 . 2
9 2 0 0 .7 1.7 2 .5 9 1 2 1.5 4 .0 2 .7
1 0 19 0 . 8 3 .8 4 .6 1 0 6 1.5 2 .9 1 . 8
1 1 19 4 .3 2 . 8 0 .7 1 1 1 0 0 .3 1 .5 5 .4
1 2 30 2 . 8 11 .7 4 .1 1 2 1 0 1 . 2 6 .5 5 .4
13 30 1 . 0 2 .3 2 .3 13 8 2 . 1 6 .7 3 .1
14 28 1 .3 1 .7 1 . 2 14 5 1 . 6 0 .5 0 .3
15 29 3 .3 1 0 . 0 0 . 8 15 1 0 0 . 8 1 . 2 1 .5
16 28 3 .2 2 .7 0 . 8 16 1 1 1 .9 0 .7 0 .4
17 27 3 .6 5 .2 1 .4 17 5 0 .7 1 .7 2 .5
Female 
a v g .  ( x ) :  
a :















O v e r a l l  a v e ra g e  ( x ) :  15 1 .8  4 .0  3 .0
a :  1 .5  3 .2  3 .3
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2. V a r i a t i o n  I n  M ercury C o n c e n t r a t i o n  Among H a i r s  from An 
I n d i v i d u a l
Twenty h a i r s  from one I n d i v i d u a l  were a n a ly z e d  on th e  same 
day* The a v e ra g e  d i s t a l  and p ro x im a l  m ercury  c o n c e n t r a t i o n s  were 
c a l c u l a t e d ,  a s  was th e  s t a n d a r d  d e v i a t i o n  i n  th e  r e s u l t s .  The 
r e s u l t s  a r e  p r e s e n t e d  i n  T a b le  24. The a v e ra g e  p ro x im a l  con­
c e n t r a t i o n  was 3 .4  ppm Hg w i th  a s t a n d a r d  d e v i a t i o n  of 1 .0  ppm and 
a range  of 2 . 0 - 5 . 5  ppm. The a v e ra g e  d i s t a l  c o n c e n t r a t i o n  was 5 .4  
ppm, w i th  a s t a n d a r d  d e v i a t i o n  of 2 .5  ppm and a r an g e  of 2 . 9 - 1 3 .3  
ppm.
3. Range o f  M ercury C o n c e n t r a t i o n  I n  t h e  H a i r  o f  
N o n -O c c u p a t io n a l ly  Exposed I n d i v i d u a l s
T a b le  25 p r e s e n t s  th e  a v e ra g e  m ercury  c o n c e n t r a t i o n s  found 
i n  s c a l p  h a i r  t a k e n  a t  random from n o n - o c c u p a t i o n a l l y  exposed  
s u b j e c t s .  The a v e ra g e  m ercury  c o n c e n t r a t i o n  f o r  f e m a le s  was 7 .0  
ppm Hg and f o r  m a le s ,  4 .6  ppm Hg. The o v e r a l l  a v e ra g e  m ercury  
c o n c e n t r a t i o n  was 5 .6  ppm, w i th  a r an g e  of 0 . 2 - 2 7 .5  ppm.
4 .  V a r i a t i o n  i n  M ercury  C o n c e n t r a t i o n  i n  H a i r  w i th  Age 
M ercury c o n c e n t r a t i o n s  i n  h a i r  w i th  r e s p e c t  to  t h e  age of
th e  s u b j e c t  sampled a r e  p r e s e n t e d  i n  T a b le  26.
5. V a r i a t i o n  i n  M ercury C o n c e n t r a t i o n  i n  H a i r  w i t h  H a i r  C o lo r  
M ercury c o n c e n t r a t i o n s  i n  h a i r  w i th  r e s p e c t  to  h a i r  c o lo r
o f  th e  s u b j e c t  sam pled a r e  p r e s e n t e d  i n  T a b le  27.
6 . The E f f e c t  o f  Washing P r o c e d u re s  on M ercury  C o n c e n t r a t i o n s  
i n  H a i r
The e f f e c t  o f  w ash ing  h a i r  w i th  d e io n iz e d  d i s t i l l e d  w a te r
2 0 2
Table 24
D i s t a l  and P ro x im a l  M ercury  C o n c e n t r a t i o n s  In  
D i f f e r e n t  H a i r  S t r a n d s  f o r  One I n d i v i d u a l










































number of h a i r s  sam p led )  = 2 0  2 0
x ( a v e r a g e )  = 3 . 4  5 .4
s t a n d a r d  d e v i a t i o n  = 1 . 0  2 .5
ra n g e  = 2 . 0 - 5 . 5  2 .9 - 1 3 .3
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Table 25
Average Hg C o n c e n t r a t i o n  i n  Randomly-Sampled H a i r  
from a  “Normal" P o p u la t i o n
ppm Hg
Male Female Over.
number of p e o p le  sam pled : n 32 27 54
a v e ra g e  c o n c e n t r a t i o n : X 4 .6 7 .0 5 .6
s ta n d a r d  d e v i a t i o n : a 6 .3 8 . 2 7 .1
ran g e 0 .2 - 2 4 . 7 0 .2 - 2 7 . 5 0 .2 - 2 7 .5
T ab le  26
V a r i a t i o n  i n  A verage  Hg C o n c e n t r a t i o n  w i th  Age
Age
( y e a r s )
(number of 
p e o p le  sam pled ) a v g .  Hg conc .
0 -9 6 < 0 .4
10-19 1 0 2 .3
20-29 2 2 7 .4
30-39 5 10 .4
40 -49 6 3 .6
50-59 5 7 .5
Table 27
V a r i a t i o n  i n  A verage  Hg C o n c e n t r a t i o n  w i th  H a i r  C o lo r  
( S u b j e c t s  >20 y r s .  o ld )
(number of 
c o l o r  p e o p le  sam pled )
Brown 24
Blond 3
B lack  6
Red 1
Gray 4
a vg . Hg c o n c .  (ppm)
9 .5  
1 . 8  
1 . 8  
6 . 1  
6 . 2
T a b le  28
E f f e c t  o f  Washing P r o c e d u re s  on P ro x im a l  M ercury  L e v e ls
Sample T re a tm e n t
I  unwashed
a c e to n e  wash
d e io n i z e d  d i s t i l l e d  w a te r  wash
ng Hg/cm 




I I unwashed 
a c e to n e  wash





a c e to n e  washed




o r  a c e to n e  on m ercury  c o n c e n t r a t i o n s  was i n v e s t i g a t e d .  The 
r e s u l t s  a r e  p r e s e n t e d  i n  T a b le  28.
7. The C o n c e n t r a t i o n  o f  M ercury i n  Com m ercial Shampoo
F iv e  com m erc ia l  shampoos were a n a ly z e d  f o r  m ercury  u s in g  
t h e  c a rb o n  d i s k  t e c h n iq u e  d e s c r i b e d  i n  C h a p te r  1. One shampoo was 
found  t o  c o n ta i n  90 ppm Hg. No m ercury  was d e t e c t e d  i n  th e  o th e r  
4 shampoos (< 0 .0 5  ppm Hg). Atomic a b s o r p t i o n  was m easured a t
253 .7  nm b ecause  of h ig h  background  a b s o r p t i o n  (>80%) a t  184.9  
n m .,
D. DISCUSSION
1. A dvan tages  o f  t h e  Method
The use  of t h e  q u a r t z  "T” a to m iz e r  i n  th e  d e t e r m i n a t i o n  of 
m ercu ry  i n  h a i r  has  s e v e r a l  a d v a n ta g e s  over  o th e r  m ethods of 
a n a l y s i s .
a .  I t  p e r m i t t e d  e x p l o i t a t i o n  of th e  more s e n s i t i v e  184.9  
r e s o n a n c e  l i n e .  T h is  r e s u l t e d  i n  a s e n s i t i v i t y  which i s  a t  l e a s t  
one o r d e r  of m agn itude  g r e a t e r  th a n  com peting  t e c h n i q u e s .
b .  I t  e l i m i n a t e d  th e  need f o r  sample p r e t r e a t m e n t , due to  
t h e  a b i l i t y  o f  t h e  a to m iz e r  t o  e f f i c i e n t l y  decompose s o l i d  
s a m p le s .  The t im e r e q u i r e d  f o r  th e  d e t e r m i n a t i o n s  was t h e r e f o r e  
g r e a t l y  r e d u c e d .
c .  A ccuracy  was im proved because  t h e r e  was no l o s s  of 
m ercu ry  due t o  v o l a t i l i z a t i o n  d u r in g  d ry  a s h in g  p r o c e d u r e s ,  
in c o m p le te  d i g e s t i o n  o r  in c o m p le te  r e c o v e r y  from  c o n c e n t r a t i o n  
s t e p s .  I n  a d d i t i o n ,  no m ercury  c o n ta m in a t io n  o c c u r r e d  from
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r e a g e n t s  u sed  f o r  wet a sh ing*
That com p le te  d e g r a d a t i o n  of th e  h a i r  m a t r ix  o c c u r r e d  under 
p r e v a i l i n g  a n a l y t i c a l  c o n d i t i o n s  was shown d u r in g  a p r e v io u s  s tu d y  
on cadmium l e v e l s  i n  h a i r . ^ 1 6  No m o le c u la r  a b s o r p t i o n  was 
s e e n  a t  226*6 nm, an o f f - r e s o n a n c e  l i n e  f o r  cadmium, f o r  1 -cm h a i r  
s e g m e n ts ,  which i n d i c a t e d  c om ple te  breakdown of th e  m a t r ix .  T h is  
was c o n fi rm e d  d u r in g  t h i s  s tu d y  by o b s e rv in g  t h a t  no m o le c u la r  
a b s o r p t i o n  o c c u r r e d  a t  th e  253 .7  nm m ercury  l i n e .  A lthough  
m o le c u la r  a b s o r p t i o n  was o b se rv e d  a t  184 .9  nm, i t  was due to  the  
f o r m a t io n  of c om bus t ion  p r o d u c t s  such  as H2  and CO which 
a b s o r b  i n  th e  v a c u u m - u l t r a v i o l e t  r e g i o n .
d .  The p o s i t i v e  p r e s s u r e  th ro u g h o u t  th e  a to m iz e r  
i n s u r e d  t h a t  no m ercu ry  p r e s e n t  i n  a  sample c o u ld  e x i t  from the  
sy s te m  w i th o u t  p a s s in g  th ro u g h  th e  l i g h t  p a th .  A b s o rp t io n  of 
m ercu ry  on th e  q u a r t z  w a l l s  of th e  h e a te d  a to m iz e r  i s  c o n s id e r e d  
t o  be h i g h ly  u n l i k e l y .  C oupled  w i t h  th e  d i r e c t  s o l i d  a n a l y s i s  
c a p a b i l i t y ,  t h e s e  a d v a n ta g e s  a r e  c o n s id e r e d  to  i n c r e a s e  g r e a t l y  
t h e  a c c u r a c y  o f  t h e  d e t e r m i n a t i o n s .
e .  Com plete  d e c o m p o s i t io n  o f  t h e  sample m a t r ix  
a l lo w e d  th e  use  o f  m ercu ry  v a p o r - s a t u r a t e d  a i r  f o r  c a l i b r a t i o n .
The c a l i b r a t i o n  p ro c e d u re  was s im p le ,  c o n v e n ie n t  and e l i m i n a t e d  
e r r o r s  due to  d e g r a d a t i o n  o f  s t o r e d  aqueous s t a n d a r d  s o l u t i o n s .
f .  The s e n s i t i v i t y  o f  t h e  q u a r t z  ” T" a to m iz e r  
p e r m i t t e d  t h e  a n a l y s i s  o f  v e ry  s m a l l  ( 1 -cm o r  l e s s )  segm en ts  of 
h a i r .  The l o n g i t u d i n a l  v a r i a t i o n  o f  m ercu ry  c o n c e n t r a t i o n  i n  a
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s i n g l e  h a i r  was a b le  t o  be s t u d i e d  more th o ro u g h ly  th a n  had been 
done p r e v i o u s l y .
2. V a r i a t i o n  i n  M ercury C o n c e n t r a t i o n  Along t h e  H a i r  S h a f t  
The v e ry  s m a l l  segm en ts  o f  h a i r  a n a ly z e d  i n  t h i s  s tu d y  
a l lo w e d  r e a d y  o b s e r v a t i o n  o f  p r e v i o u s l y  r e p o r t e d  l o n g i t u d i n a l  
v a r i a t i o n s  i n  m ercury  c o n c e n t r a t i o n s .  A g e n e r a l ,  b u t  no t 
u n i v e r s a l ,  t r e n d  to  h ig h e r  m ercury  c o n c e n t r a t i o n s  i n  th e  d i s t a l  
end t h a n  i n  th e  p ro x im a l  ( r o o t )  end  was n o te d .  S e v e n ty - f iv e  
p e r c e n t  o f  th e  i n d i v i d u a l s  sam pled showed h ig h e r  d i s t a l  th a n  
p r o x im a l  m ercu ry  c o n c e n t r a t i o n s .  The t w e n t y - f i v e  p e r c e n t  who 
showed e i t h e r  no change or a d e c r e a s e  i n  m ercury  c o n c e n t r a t i o n  
w i th  d i s t a n c e  from  th e  s c a l p  i n c lu d e d  a l l  o f  th e  c h i l d r e n  sam pled . 
D i s t a l  c o n c e n t r a t i o n s  were a b o u t  t h r e e  t im e s  h ig h e r  th a n  p ro x im a l  
c o n c e n t r a t i o n s .  T h is  t r e n d  i s  i l l u s t r a t e d  i n  F ig u re  38, a com­
p o s i t e  o f  m ercu ry  c o n c e n t r a t i o n s  i n  1 0  s i n g l e  h a i r s  from one 
s u b j e c t .  The u n i t  of t h e  o r d i n a t e  i n  F ig u r e  38 i s  a b s o l u t e  w e igh t  
o f  m e rc u ry ,  w hich d e m o n s t ra te d  t h a t  th e  i n c r e a s e d  d i s t a l  concen­
t r a t i o n  was n o t  an  a r t i f a c t  due t o  t h i n n i n g  o f  th e  h a i r  s h a f t  w i th  
d i s t a n c e  from th e  s c a l p .
The two s u b j e c t s  who were u s in g  e l e m e n t a l  m ercu ry  i n  t h e i r  
r e s e a r c h  showed m ercury  c o n c e n t r a t i o n  peaks a lo n g  t h e  h a i r  s h a f t  
i n  c o n t r a s t  t o  t h e  s t e a d y  i n c r e a s e  i n  m ercury  c o n c e n t r a t i o n  seen  
i n  o t h e r  s u b j e c t s .  T h is  can  be s e e n  i n  F ig u re  39, which p r e s e n t s  
c o n c e n t r a t i o n  v e r s u s  l e n g t h  f o r  th e  two s u b j e c t s  w ork ing  w i th  
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DIS TANCE FROM ROOT (cm)
FIGURE 5 9 :  IN SUBJECTS 1 a nd  2 ,  WHO WORKED WITH MERCURY, LARGE JUMPS IN MERCURY CONCENTRATIONS ALONG THE 
HAIR SHAFTS WERE SEEN (  IN cm 8 -1 2  FOR SUBJECT 2 ;  IN cm 4  8 AND 1 8 -2 2  FOR SUBJECT 1 ) .  NORMAL SUBJECTS
5 AND L SHOWED ONLY A GRADUAL INCREASE IN MERCURY CONCENTRATIONS ALONG THE HAIR SHAFT.
2 1 0
t o  t h e  f i r s t  tw o, who were no t w ork ing  w i th  m ercury* The 
c o n c e n t r a t i o n s  i n  th e  h a i r  o f t h e  s u b j e c t s  w orking  w i th  m ercury  
w ere th e  h i g h e s t  c o n c e n t r a t i o n s  found i n  th e  54 s u b j e c t s  a n a ly z e d .  
These  r e s u l t s  i n d i c a t e d  t h a t  m ercu ry  l e v e l s  i n  h a i r  s e rv e  a s  a 
c h r o n o l o g i c a l  r e c o r d  o f  e x p o s u re .
Because  o f  o b v ious  e n v i r o n m e n ta l  i n f l u e n c e  on th e  c o n c e n t r a ­
t i o n  of m ercu ry  i n  h a i r ,  o n ly  th e  m ercury  c o n c e n t r a t i o n  i n  th e  
segm ent n e a r e s t  t o  th e  r o o t  would be most r e p r e s e n t a t i v e  of 
m erc u ry  a c t u a l l y  e x c r e t e d  from th e  body.
The a v e ra g e  p ro x im a l  m ercu ry  c o n c e n t r a t i o n  found  i n  fem a les  
was 2 .7  ppm and i n  m a le s ,  0 .9  ppm. T h is  d i f f e r e n c e  would seem to  
i n d i c a t e  a d i f f e r e n c e  betw een th e  s e x e s  i n  th e  e x c r e t i o n  of 
m ercu ry  i n  h a i r .  A more l i k e l y  e x p l a n a t i o n  of th e  h ig h e r  m ercury  
l e v e l s  i n  fem a le  h a i r  i s  a d i f f e r e n c e  i n  e x p o su re  to  m ercury  
th r o u g h  th e  u s u a l l y  d i f f e r e n t  h a i r  grooming p r o d u c t s  u sed  by e a c h  
s e x .
The o v e r a l l  a v e ra g e  p ro x im a l  m ercury  c o n c e n t r a t i o n  found i n  
t h i s  s tu d y  was 1 .8  ppm or 1 .3  x 10“ ^® g/cm . I t  i s  p o s s i b l e  to  
e s t i m a t e  t h e  amount o f  m ercury  e x c r e t e d  by th e  body th ro u g h  s c a l p  
h a i r  by u s in g  t h i s  p ro x im a l  c o n c e n t r a t i o n .  I t  has  been  e s t i m a t e d  
t h a t  a  norm al human w i l l  grow a p p ro x im a te ly  40 m of s c a lp  h a i r  in  
one d a y . 2 -^  T h e r e f o r e ,  a p p ro x im a te ly  0 .5  yg of m erc u ry /d a y  
w i l l  be e x c r e t e d  by th e  body i n  s c a l p  h a i r .
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3. V a r i a t i o n  I n  M ercury C o n c e n t r a t i o n s  Among H a i r s  from  An 
I n d i v i d u a l
I t  was o b se rv e d  t h a t  th e  m easured  c o n c e n t r a t i o n  o f  m ercury  
v a r i e d  s l i g h t l y  f o r  d i f f e r e n t  h a i r s  from th e  6 ame i n d i v i d u a l .
H a i r s  were p lu ck e d  from th e  crown o f  t h e  head i n  o r d e r  to  m in im ize  
c o m p o s i t io n  d i f f e r e n c e s  which m ight have a r i s e n  due to  l o c a t i o n  of 
t h e  h a i r .  Twenty h a i r s  of a p p r o x im a te ly  th e  same l e n g t h  (2 7 -3 0  
cm) were ch o sen .  The tw en ty  h a i r s  were a n a ly z e d  on th e  same day . 
The a v e ra g e  d i s t a l  and p ro x im a l  c o n c e n t r a t i o n s  were c a l c u l a t e d  as 
d e s c r i b e d  p r e v i o u s l y .  The r e s u l t s  were g iv e n  i n  T a b le  24. The 
a v e ra g e  p ro x im a l  c o n c e n t r a t i o n  was 3 .4  ppm, w i th  a s t a n d a r d  
d e v i a t i o n  o f  1 .0  ppm, and a r a n g e  o f  2 0 - 5 .5  ppm. The a v e ra g e  
d i s t a l  c o n c e n t r a t i o n  was 5 .4  ppm, w i th  a s t a n d a r d  d e v i a t i o n  of 2 .5  
ppm and a ran g e  o f  2 .9 - 1 3 .3  ppm.
The s t a n d a r d  d e v i a t i o n  o f  t h e  r e s u l t s  i s  a m easure  o f  b o th  
th e  i n d e t e r m in a t e  e r r o r  and v a r i a t i o n s  i n  c o m p o s i t io n  betw een 
d i f f e r e n t  se g m e n ts .  The v a r i a t i o n  s e e n  was n o t  due o n ly  t o  random 
e r r o r  s in c e  e a c h  segment a n a ly z e d  was u n iq u e .  T h e r e f o r e  no 
m easure  of t h e  s h o r t  te rm  p r e c i s i o n  o f  t h e  p ro c e d u re  i s  a v a i l a b l e ,  
b u t  t h e  r e l a t i v e  s t a n d a r d  d e v ia i o n  i s  e x p e c te d  to  be no b e t t e r  
th a n  t h a t  o f  t h e  vapo r  s t a n d a r d ,  w hich i s  7%.
I t  i s  b e l i e v e d  t h a t  most o f  th e  v a r i a t i o n  o b se rv e d  betw een 
s i n g l e  h a i r s  o f  an  I n d i v i d u a l  was due t o  d i f f e r e n c e s  betw een th e  
h a i r s  t h e m s e lv e s .  M ercury c o n c e n t r a t i o n  d i f f e r e n c e s  c o u ld  a r i s e  
from  d i f f e r e n c e s  i n  th e  t h i c k n e s s  and t e x t u r e  of t h e  h a i r  se g m e n t ,
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f o r  ex am p le .  H a i r  ten d e d  t o  c o n t a i n  more n a t u r a l  o i l  n e a r  th e  
r o o t  th a n  a t  th e  d i s t a l  e n d .  P h y s i c a l  damage to  t h e  h a i r  s h a f t  
th ro u g h  b r u s h i n g ,  b lo w -d ry in g  and so on was more p ronounced  a t  th e  
d i s t a l  end t h a n  a t  th e  p ro x im a l  e n d .  I n  many c a s e s ,  i n d i v i d u a l  
h a i r s  from  t h e  same s u b j e c t  were d i f f e r e n t  c o l o r s .  V a r i a t i o n s  may 
o c c u r  In  t h e  e x a c t  c o m p o s i t io n  of th e  p r o t e i n  m a t r ix  i n  a g iv e n  
s t r a n d ;  f o r  exam ple ,  c u r l y  and s t r a i g h t  h a i r s  may be found on an 
I n d i v i d u a l .  A l l  of t h e s e  f a c t o r s  can  be c o n t r i b u t e  to  d i f f e r e n c e s  
i n  m ercury  c o n c e n t r a t i o n s  by a f f e c t i n g  bonding  s i t e s  i n  th e  h a i r  
s h a f t .
4 .  Range o f  M ercury C o n c e n t r a t i o n s  i n  t h e  H a i r  o f
N o n - O c c u p a t io n a l ly  Exposed I n d i v i d u a l s
Most d e t e r m i n a t i o n s  of t r a c e  e lem en t  l e v e l s  I n  human h a i r  
have been made on random ly  c o l l e c t e d ,  b a tc h e d  and homogenized 
sa m p le s .  Random h a i r  segm en ts  a l s o  more c l o s e l y  r e p r e s e n t  r e a l  
sam p les  p r e s e n te d  f o r  a n a l y s i s  i n  a c l i n i c a l  o r  f o r e n s i c  
l a b o r a t o r y .  T h e r e f o r e ,  i n  o r d e r  to  compare r e s u l t s  o b t a in e d  w i th  
t h e  q u a r t z  "T" a to m iz e r  w i th  p r e v i o u s l y  r e p o r t e d  m e th o d s ,  54 h a i r  
sam ples  were a n a ly z e d  by t a k i n g  f o u r  1  cm segm ents  a t  random from 
a s i n g l e  h a i r .  The m ercury  c o n c e n t r a t i o n  i n  e a c h  segment was 
d e te rm in e d  and th e  r e s u l t s  were a v e ra g e d .  These r e s u l t s  a r e  
p r e s e n t e d  i n  T ab le  25 and F ig u r e  40.
The a v e ra g e  m ercury  c o n c e n t r a t i o n  f o r  th e  e n t i r e  g roup  of 
m ales  and f e m a le s  was 5 .6  ppm. The c o n c e n t r a t i o n s  found ranged  
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FIGURE ItO: DISTRIBUTION OF MERCURY CONCENTRATIONS IN HAIR.
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5. V a r i a t i o n  I n  M ercury C o n c e n t r a t i o n s  w i t h  Age
M ercury  c o n c e n t r a t i o n s  I n  h a i r  a p p e a re d  t o  v a ry  w i th  age 
among th e  p o p u l a t i o n  sam p le ,  a l t h o u g h  such  a c o n c lu s i o n  c a n n o t  be 
drawn w i th  c e r t a i n t y  from th e  s m a l l  sam ple of p e o p le  t a k e n .
The m ercury  i n  th e  h a i r  o f  t h e  s i x  c h i l d r e n  who were l e s s  
t h a n  1 0  y e a r s  o ld  was e q u a l  to  o r  l e s s  t h a n  th e  d e t e c t i o n  l i m i t  of 
1 x  10“ H  g .  From t h i s ,  i t  was c a l c u l a t e d  t h a t  th e  a v e ra g e  
c o n c e n t r a t i o n  in  th e  h a i r  of th e  s i x  c h i l d r e n  was < 0 . 2  ppm.
M ercury  c o n c e n t r a t i o n s  i n c r e a s e d  w i th  i n c r e a s i n g  age from 10 
y e a r s  to  39 y e a r s  o f  a g e ,  t h e n  a p p e a re d  to  d e c r e a s e  s l i g h t l y .  A 
smooth c u rv e  f i t t e d  to  th e  d a ta  showed t h a t  m ercu ry  c o n c e n t r a t i o n s  
l e v e l e d  o f f  a t  a p p ro x im a te ly  7 .5  ppm. T h is  i s  b e l i e v e d  to  
r e p r e s e n t  a t t a in m e n t  of a s t e a d y  s t a t e  be tw een  e x p o s u re  and 
e x c r e t i o n .  The d a ta  a r e  p r e s e n t e d  i n  T a b le  26.
6 . V a r i a t i o n  i n  M ercury C o n c e n t r a t i o n  w i t h  H a i r  C o lo r
As can be se en  i n  T ab le  27, m ost o f  t h e  a d u l t s  sampled had 
brown h a i r .  Brown h a i r  a p p e a re d  to  have h i g h e s t  m ercury  
c o n c e n t r a t i o n s ,  9 .5  ppm. Gray and re d  h a i r  c o n ta in e d  ab o u t  6  ppm 
m e rc u ry ,  w h i le  b lond  or b la c k  h a i r  c o n ta i n e d  o n ly  1 . 8  ppm m ercu ry . 
None of t h e  s u b j e c t s  had used  h a i r  dyes  o r  c o l o r i n g  p r e p a r a t i o n s .
7 .  The E f f e c t  o f  Washing P r o c e d u r e s  on M ercury  C o n c e n t r a t i o n
i n  H a i r
V a r io u s  w ash ing  p r o c e d u r e s  have been  recommended i n  th e  
l i t e r a t u r e  f o r  rem oval o f  s u r f a c e  c o n ta m in a t io n  from h a i r .
P r e v io u s  s t u d i e s  u s in g  b o th  o r g a n i c  s o l v e n t s  and d e io n i z e d  w a te r
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t o  wash h a i r  sam ples  found no change In  t h e  m ercu ry  c o n c e n t r a t i o n s  
i n  h a i r  a f t e r  w a s h i n g .1 9 8 ,2 0 4 ,2 0 5
In  t h i s  s t u d y ,  s e v e r a l  h a i r s  from t h r e e  s u b j e c t s  were r i n s e d  
i n  a s t r e a m  of d e io n iz e d  d i s t i l l e d  w a te r  i n  th e  u s u a l  m anner. A 
se co n d  sample was r i n s e d  i n  a s t r e a m  of a c e t o n e .  A t h i r d  p a r a l l e l  
sam ple  was n o t  washed. H a i r s  were c u t  and w eighed  a s  u s u a l .  No 
d i f f e r e n c e  i n  segment w e ig h t  a s  a  r e s u l t  of  w ash ing  c o u ld  be 
d e t e c t e d  among th e  t h r e e  sam ples  from th e  same s u b j e c t .  Only th e  
f i r s t  t h r e e  segm ents  a t  t h e  p ro x im a l  end were a n a ly z e d .
No s i g n i f i c a n t  d i f f e r e n c e  i n  p ro x im a l  m ercu ry  c o n c e n t r a t i o n  
was found  betw een  th e  washed and unwashed sa m p le s .  The d a ta  a r e  
p r e s e n t e d  i n  T a b le  28.
L o n g i t u d i n a l  c o n c e n t r a t i o n  p r o f i l e s  o f  unw ashed , a c e t o n e -  
washed and d i s t i l l e d  d e io n i z e d  w a te r -w a s h e d  h a i r s  from  th e  fem ale  
s u b j e c t  who was w ork ing  w i t h  e l e m e n t a l  m ercu ry  were d e te r m in e d .  
F ig u re  41 shows t h a t  th e  p ro x im a l  m ercury  c o n c e n t r a t i o n s  were not 
a f f e c t e d  by w a sh in g .  The d i s t a l  c o n c e n t r a t i o n s  a p p e a re d  t o  be 
lo w e re d  by w ash ing  w i th  w a te r  and w i t h  a c e t o n e .
8 .  The C o n c e n t r a t i o n  o f  M ercury  i n  Com m erical Shampoos 
F iv e  r e p r e s e n t a t i v e  com m erica l  sham poos, i n c l u d i n g  a 
c h i l d r e n ' s  shampoo and a d a n d r u f f  shampoo, were a n a ly z e d  f o r  
m ercu ry  c o n te n t  t o  a s c e r t a i n  w h e th e r  e x p o s u re  d i f f e r e n c e s  c o u ld  
o c c u r  t h ro u g h  p e r s o n a l  groom ing h a b i t s .
One shampoo c o n ta in e d  90 ng Hg/pL. No m ercu ry  was d e t e c t e d  
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FIGURE U l:  THE EFFECT OF WASHING PROCEDURES ON MERCURY IN HAIR. DEIONIZED WATER AND ACETONE WERE EACH 
EFFECTIVE IN REMOVING MERCURY FROM HAIR. WASHING WAS MORE EFFECTIVE IN REMOVING MERCURY AT THE DISTAL 
END OF THE HAIR (PRESUMED TO BE MAINLY EXTERNALLY -ABSORBED MERCURY) THAN IN REMOVING MERCURY AT THE 
PROXIMAL END ( PRESUMED TO BE INTERNALLY-EXCRETED MERCURY).
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shampoo c o u ld  s i g n i f i c a n t l y  i n c r e a s e  th e  e x p o su re  of s c a l p  h a i r  to  
m e rc u ry .
9 . C o r r e l a t i o n  Between M ercury i n  U r ine  and i n  S c a lp  H a i r  
N ine s u b j e c t s  had m ercury  l e v e l s  i n  b o th  u r i n e  and s c a lp  
h a i r  d e te rm in e d  in  t h i s  s tu d y .  I t  was o f  i n t e r e s t  to  see  i f  a 
c o r r e l a t i o n  e x i s t e d  betw een th e  two m ercury  l e v e l s .  U rine  m ercury  
c o n c e n t r a t i o n s  were p l o t t e d  a g a i n s t  th e  h a i r  r o o t  m ercury  
c o n c e n t r a t i o n s .  The c o r r e l a t i o n  c o e f f i c i e n t  was c a l c u l a t e d  to  be
0 .1 5 8 .  I t  was no(t  v e ry  s u r p r i s i n g  t h a t  no c o r r e l a t i o n  e x i s t e d  
be tw een  t h e s e  two m easu rem en ts ,  f o r  th e  f o l l o w in g  r e a s o n .  One 
c e n t i m e t e r  of h a i r  r e p r e s e n t e d  a b o u t  25 days* g row th  and would be 
a t im e - w e ig h te d  a v e ra g e  m ercury  l e v e l ,  w hereas  a u r i n e  specim en 
was a o n e -d a y  random sa m p le .  As was d i s c u s s e d  i n  C h a p te r  2 , th e
s
u r i n e  m ercu ry  c o n c e n t r a t i o n  o f  an  i n d i v i d u a l  f l u c t u a t e d  g r e a t e l y  
on a d a y - t o - d a y  b a s i s .  A more i n f o r m a t iv e  c o r r e l a t i o n  cou ld  be 
c a l c u l a t e d  from  an a v e ra g e  m ercury  c o n c e n t r a t i o n  i n  u r in e  t a k e n  
o v e r  a one month p e r i o d .  Such a s tu d y  was made f o r  o n ly  two 
s u b j e c t s ,  w hich  was an  i n s u f f i c i e n t  number f o r  a m e a n in g fu l  
c a l c u l a t i o n .
E. CONCLUSION AND SUMMARY
The u se  of th e  q u a r t z  "T" a to m iz e r  f o r  a to m ic  a b s o r p t i o n  
s p e c t r o s c o p y  e n a b le d  th e  deve lopm ent of a s im p le ,  s e n s i t i v e ,  
e f f e c t i v e  method f o r  t h e  d i r e c t  d e t e r m i n a t i o n  of m ercury  i n  h a i r .
The u B e  o f  th e  184 .9  nm l i n e  p e r m i t t e d  i n c r e a s e d  s e n s i t i v i t y  over  
t h e  more commonly employed 253 .7  nm l i n e .  Com plete  d e c o m p o s i t io n
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o f  t h e  sam ple  a l lo w e d  th e  use  o f  e l e m e n t a l  m ercu ry  v a p o r  f o r  
c a l i b r a t i o n  p u r p o s e s ,  w hich e l i m i n a t e d  p rob lem s w i th  u n s t a b l e  
aqueous  m ercu ry  s o lu t i o n s *
The a v e ra g e  m ercu ry  c o n c e n t r a t i o n  i n  h a i r  o f  a non- 
o c c u p a t i o n a l l y  exposed  p o p u l a t i o n  was d e te rm in e d  to  be 5 .6  ppm.
M ercury  c o n c e n t r a t i o n s  i n  h a i r  g e n e r a l l y  i n c r e a s e d  w i th  
i n c r e a s i n g  d i s t a n c e  from th e  r o o t .  T h e r e f o r e ,  m ercu ry  l e v e l s  in  
h a i r  segm en ts  n e a r e s t  th e  r o o t  most c l o s e l y  a p p ro x im a te d  the  
amount of m ercury  e x c r e t e d  from th e  body. The m ercury  c o n c e n t r a ­
t i o n  a t  t h e  h a i r  r o o t  c o u ld  be u sed  to  i n d i c a t e  th e  body b u rden  of 
m ercu ry  i n  an i n d i v i d u a l  p ro v id e d  t h a t  i n d i v i d u a l  v a r i a t i o n s  a re  
t a k e n  i n t o  a c c o u n t .
CHAPTER 6
THE DIRECT DETERMINATION OF MERCURY IN BREATH AND SALIVA
A. INTRODUCTION
1. The Use o f  B re a th  and S a l iv a  a s  B i o l o g i c a l  I n d i c a t o r s  o f  
E xposure  t o  M ercury
Symptoms of b o th  a c u te  and c h ro n ic  m ercu ry  i n t o x i c a t i o n  
i n c l u d e  a  v a r i e t y  of o r a l  and r e s p i r a t o r y  p ro b le m s.  Examples a re  
s a l i v a r y  g la n d  s w e l l i n g ,  e x c e s s i v e  s a l i v a t i o n ,  m e t a l l i c  t a s t e ,  
f o u l  b r e a t h ,  l o o s e  t e e t h ,  s o f t ,  spongy gums, a b l u e - b l a c k  l i n e  
a ro u n d  th e  gums due t o  a m e r c u r y - s u l f h y d r y l  complex and r a p id  
r e s p i r a t i o n . 218-220 c o n s e q u e n t ly ,  b r e a t h  and s a l i v a  appear  
t o  be l i k e l y  b i o l o g i c a l  I n d i c a t o r s  o f  e x p o s u re  to  m ercu ry ,
a .  B r e a th
A b r e a t h  sample p o s s e s s e s  many a d v a n ta g e s  f o r  c l i n i c a l  
a n a l y s i s  o r  o c c u p a t io n a l  h e a l t h  s t u d i e s  a s  d i s c u s s e d  a t  l e n g t h  i n  
a re v ie w  by Dubowski.221
B re a th  i s  a c o n v e n ie n t  sample t o  m o n ito r  s in c e  i t  can  be 
c o l l e c t e d  r a p i d l y  w i th  no in c o n v e n ie n c e  to  t h e  s u b j e c t .  Gaseous 
sam p les  r e q u i r e  l i t t l e  or no p r e t r e a t m e n t .  P o r t a b l e  d e t e c t o r s  a re  
a v a i l a b l e  f o r  many g a seo u s  s u b s t a n c e s ,  so b r e a t h  sam p ling  can 
p r o v id e  a  r e a l - t i m e  " f i e l d "  m easu rem en t.  B re a th  sam ples  can a l s o  
be t r a p p e d  on an a d s o rb a n t  f o r  l a t e r  a n a l y s i s .
B re a th  sam ples  r e f l e c t  th e  c o n c e n t r a t i o n  o f  s u b s ta n c e s  t r a n s ­
f e r r e d  a c r o s s  th e  a l v e o l a r - c a p i l l a r y  m embranes. A c o n t in u o u s
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2 2 0
e q u i l i b r i u m  I s  e s t a b l i s h e d  f o r  g a s e s  and v o l a t i l e  s u b s ta n c e s  
be tw een  th e  a l v e o l a r  a i r  and pulm onary c i r c u l a t i o n .  T h e r e f o r e ,  
b r e a t h  a n a l y s i s  r e f l e c t s  t h e  b lood  l e v e l  o f  s u b s ta n c e s  such  as 
CO2 , a l c o h o l ,  CO, a n e s t h e t i c  g a s e s ,  s u l f i d e s  and v o l a t i l e  
m e t a l s .
I t  i s  w ell-know n t h a t  e le m e n ts  l i k e  Se and Te can  be 
v o l a t i l i z e d  from th e  lu n g s  as m e th y la te d  compounds f o l lo w in g  o r a l  
i n g e s t i o n  o f  i n o r g a n i c  Se and Te compounds. I t  i s  a l s o  w e ll-know n  
t h a t  i n o r g a n i c  m ercury  can  be m e th y la te d  by b a c t e r i a .  I t  I s  
f e a s i b l e  t h a t  m ercury  or m e th y la te d  m ercury  c o u ld  be e x c r e t e d  from 
t h e  body i n  t h e  b r e a t h .
B r e a th  has  been s t u d i e d  by a  number of r e s e a r c h e r s ,  to  
d e te rm in e  i t s  s u i t a b i l i t y  a s  an  i n d i c a t o r  of e x p o su re  to  m ercury  
and t o  e l u c i d a t e  th e  m e ta b o lism  o f  m ercu ry  i n  th e  body.
S e v e r a l  an im a l  s t u d i e s  i n d i c a t e d  t h a t  r a t s  can  v o l a t i l i z e  
( f ro m  th e  lu n g s  and body s u r f a c e )  m ercu ry  i n t r a - c a r d i a l l y  or 
i n t r a v e n o u s l y  i n j e c t e d .
C la rk s o n  and R o t h s te in ^ 2 2  found  t h a t  a  v o l a t i l e  m ercury  
compound was e x h a le d  by r a t s  a f t e r  i n j e c t i o n  w i th  r a d i o a c t i v e  
203ng(NO3)2* In  t h e  f i r s t  h o u rs  a f t e r  i n j e c t i o n ,  when 
m ercu ry  l e v e l s  I n  b lood  w ere  h i g h ,  e x c r e t i o n  from  th e  lu n g s  was 
h i g h .  T h e r e a f t e r ,  e x c r e t i o n  was a b o u t  e q u a l l y  d iv id e d  betw een 
lu n g s  and body s u r f a c e .  Ten p e r c e n t  o f  t h e  t o t a l  m ercury  e x c r e t e d  
on th e  f i r s t  day was th ro u g h  th e  lu n g s  and body s u r f a c e .  Lungs 
and body s u r f a c e  a c c o u n te d  f o r  abou t  4% o f  th e  t o t a l  amount
2 2 1
e x c r e t e d  o v e r  th e  c o u rs e  of th e  e x p e r im e n t .
Magos^2^ f ound m ercury  i n  th e  b r e a t h  of r a t s  i n j e c t e d  
w i th  e i t h e r  r a d i o a c t i v e  e l e m e n ta l  m ercu ry  o r  m e r c u r ic  i o n ,  b u t  th e  
amount e x h a le d  v a r i e d  w i th  th e  c h e m ic a l  form of t h e  m ercury  
i n j e c t e d .  About 20% o f  th e  Hg° d o se  was e x h a le d  w i t h i n  30 se co n d s  
o f  i n j e c t i o n .  Only 1.8% o f  t h e  Hg2+ dose  was e x h a le d .
In  b o th  of th e  above s t u d i e s ,  t h e  c h e m ic a l  form of the  
e x h a le d  m ercury  was n o t  d e te r m in e d .  B re a th  sam ples  were t r a p p e d  
on an  a d s o r b a n t  and th e  r a d i o a c t i v i t y  was m ea su red .  Ostlund®® 
i n v e s t i g a t e d  th e  m e ta b o lism  of d im e th y lm e rc u ry  i n  mice a f t e r  
i n h a l a t i o n  o r  i n t r a v e n o u s  e x p o s u re .  The m ajo r  p a r t  o f th e  dose 
was r a p i d l y  e x h a le d  a s  d im e th y lm e rc u ry ,  w i th  80-90% o f  th e  dose 
e l i m i n a t e d  i n  6  h o u r s .  The i d e n t i f i c a t i o n  o f  th e  c h e m ic a l  form of 
e x h a le d  m ercury  was done by t h i n  l a y e r  c h ro m a to g rap h y  (TLC).
No e v id e n c e  o f  t h e  v o l a t i l i z a t i o n  o f  i n o r g a n i c  m ercu ry  
th ro u g h  th e  lu n g s  h a s  been  found f o r  humans. S t u d i e s  o f  m ercury  
l e v e l s  i n  human b r e a t h  a r e  l i m i t e d  and most i n v o lv e  e x p o s u re  of 
humans t o  e l e m e n t a l  m ercury  v a p o r .
I n  1 9 4 1 ,  S hepard  e t  a l . ^ 2 4  r e p o r t e d  th e  a lm o s t  
q u a n t i t a t i v e  rem oval o f  Hg v a p o r  from r e s p i r e d  a i r  by m e a su r in g  
am b ien t  a i r  Hg° c o n c e n t r a t i o n s  and Hg° i n  e x h a le d  b r e a t h .  T h is  
can  be e x p la i n e d  in  te rm s  o f  th e  l i p i d  s o l u b i l i t y  and h ig h  
d i f f u s i b i l i t y  o f  Hg°. I t  has  been c a l c u l a t e d  t h a t  a t  4 0 ° C  th e  
p a r t i t i o n  c o e f f i c i e n t  o f  m ercu ry  be tw een  a i r  and body l i p i d s  i s  
a b o u t  1 : 2 0 ,  i n  f a v o r  of t h e  b o d y .  2 2 5  -ptie r e s u l t s  o f  Shepard
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e t  a l . 2 2 4  have been con firm ed  by o t h e r  w o r k e rs 2 2 6 -2 2 8  wjj0 
found  t h a t  75-85% o f  i n s p i r e d  Hg® ( c o n c e n t r a t i o n s  r a n g in g  from 
5 0 -3 5 0  jjg Hg/m^ a i r )  was r e t a i n e d  i n  th e  human body. These 
r e s u l t s  were a l s o  o b t a in e d  by m e a su r in g  m ercury  v a p o r  c o n c e n t r a t i o n s  
i n  am b ien t  ( i n s p i r e d )  a i r  and e x h a le d  b r e a t h .  In  t h e s e  s t u d i e s ,  
e l e m e n t a l  m ercu ry  v a p o r  was i n h a l e d  and e le m e n ta l  m ercury  vapo r  
was th e  c h e m ica l  form d e t e c t e d  i n  e x h a le d  b r e a t h .  U s u a l ly ,  a  UV 
p h o to m e te r  s e t  a t  2 5 3 .7  nm was used  d e t e c t  e x h a le d  Hg°. I t  i s  
p o s t u l a t e d  t h a t  i n h a l e d  Hg° r a p i d l y  c r o s s e s  th e  a l v e o l a r  membrane 
a n d ,  i n  a d i s s o l v e d  m e t a l l i c  fo rm , d i f f u s e s  i n t o  th e  red  c lood  c e l l s  
where i t  i s  o x id iz e d  i n t o  Hg^+ , Some d i s s o l v e d  e le m e n ta l  
m ercu ry  p e r s i s t s  i n  th e  b lood  lo n g  enough r e a c h  th e  b r a i n .
S h o e m a k e r 229 r e p o r t e d  e v id e n c e  t h a t  two humans r e c e i v i n g  
m e r c u r i a l  d i u r e t i c s  o r a l l y  had m ercu ry  d e t e c t e d  i n  t h e i r  b r e a t h ,  
b u t  no d e t a i l s  o f  th e  d e t e r m i n a t i o n  were p r o v id e d .  T ha t th e  
m ercu ry  d e t e c t e d  came from d i u r e t i c  r e t a i n e d  i n  th e  mouth canno t  
be r u l e d  o u t .
H ursh e t  a l . l ?  c o n d u c te d  an e x p e r im e n t  i n  w hich 5 humans 
i n h a l e d  s t a b l e  and r a d i o a c t i v e  m ercu ry  v a p o r  f o r  p e r i o d s  o f  ab o u t  
20 m in u te s .  S e v e n ty - f o u r  p e rc e n t  o f  t h e  i n h a l e d  dose  was r e t a i n e d  
by th e  s u b j e c t s ,  w i th  r e t e n t i o n  o c c u r r in g  a lm o s t  e n t i r e l y  in  th e  
a l v e o l i .  B re a th  sam ples  were t a k e n  f o r  3 days f o l l o w in g  e x p o s u re .
On th e  a v e r a g e ,  7% o f  th e  m ercury  r e t a i n e d  was e x h a le d  i n  th e  
b r e a t h ,  w i th  a  h a l f - l i f e  o f  18 h o u r s .  A p l o t  o f  m ercu ry  e x h a le d  
v e r s u s  t im e  c o n s i s t e d  of two com ponents . The f i r s t  com ponent, 
i n c l u d i n g  m ercury  f l u s h e d  o u t  of t h e  lung  dead s p a c e ,  was l o s t  v e ry
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r a p i d l y .  The second  component showed a more g r a d u a l  l o s s  of 
m ercu ry .  The a u th o r s  p o s t u l a t e d  t h a t  m ercury  c o u ld  be r e t a i n e d ,  
and s u b s e q u e n t ly  r e l e a s e d  i n ,  th e  a l v e o l a r  a i r  sp a ce  over  a p e r io d  
o f  s e v e r a l  days f o l l o w in g  e x p o s u re .  T h is  was th o u g h t  to  g iv e  r i s e  
t o  th e  second  component.
W hole-body c o u n t in g  e x p e r im e n ts  gave an  a v e ra g e  h a l f - t i m e  of 
2 days  f o r  c l e a r a n c e  o f  m ercu ry  from  th e  l u n g s .  R e in h a rd t  e t  
a l . ^ 3 0  m easured  m ercury  v a p o r  i n  th e  b r e a t h  of d e n t a l  
p a t i e n t s .  Use of s i l v e r - m e r c u r y  amalgam f i l l i r l g s  i n  d e n t a l  
r e s t o r a t i o n  i s  based  on t h e i r  i n e r t n e s s ,  p e rm anence , a b r a s i o n  
r e s i s t a n c e  and f u n g i c i d a l  e f f e c t . ^  L a rg e  amounts of m ercury  
v a p o r  were e x h a le d  by p a t i e n t s  f o l l o w in g  th e  rem ova l  of o ld  
amalgam f i l l i n g s  by d r i l l i n g .  A p l o t  o f  m ercury  e x h a le d  v e r s u s  
t im e  showed two com ponen ts ,  i n  ag reem en t w i th  H ursh  e t  a l . ^
The f a s t  l o s s  component l a s t e d  f o r  30 m in u te s  f o l l o w i n g  rem oval of 
th e  f i l l i n g s  and amounted to  abou t  2 .4  yg Hg e x h a le d .  The slow  
com ponent, m easu red  f o r  t h e  n e x t  s i x  h o u r s ,  amounted t o  a b o u t  5 .3  
ng Hg. The h a l f - t i m e  o f  l o s s  was a b o u t  4 .2  h o u r s .  The a u th o r s  
e s t i m a t e d  t h a t  169 yg o f  Hg i s  r e t a i n e d  by a  p a t i e n t  upon th e  
rem ova l  o f  an o ld  f i l l i n g .
I t  i s  e v id e n t  t h a t  r e c e n t  d e n t a l  work can  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  m ercury  v a p o r  l e v e l s  i n  b r e a t h .  G o ld w a te r^ l^  
s t a t e d  t h a t  amalgam d e n t a l  f i l l i n g s  do c o n t r i b u t e  t o  d a i l y  a b s o r p t i o n  
o f  m ercury  by th e  body. No r e f e r e n c e s  c o u ld  be found  i n  which 
"n o rm a l1' m ercu ry  l e v e l s  i n  b r e a t h  were m easu red .
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M ercury i n  b r e a t h  can r e f l e c t  r e c e n t  e x p o s u r e ,  a s  shown i n  the  
above s t u d i e s .  B re a th  m ercury  l e v e l s  s h o u ld  be c o n s id e r e d  in  any 
d i s c u s s i o n  o f  e l i m i n a t i o n  of m ercu ry  from  th e  body. The 
s u g g e s t i o n  has  been made by S t o p f o r d ^ 2 0  t h a t  an  e q u i l i b r i u m  
e x i s t s  be tw een  i n h a l e d  Hg° and  Hg^+ i n  b lo o d ,  so t h a t  Hg° i s  
a lw ays  a v a i l a b l e  to  c r o s s  th e  lung  membrane and be e x h a le d ,
b .  S a l iv a
S a l i v a  has  n o t  been e x t e n s i v e l y  i n v e s t i g a t e d  as  a 
b i o l o g i c a l  i n d i c a t o r  of e x p o su re  to  m erc u ry .  The u s e f u l n e s s  of 
s a l i v a  f o r  t h i s  p u rpose  i s  a m a t t e r  of some d e b a te .  S tu d ie s  
p e rfo rm e d  i n  th e  1 9 2 0 rs  found no s i g n i f i c a n t  amounts o f  m ercury  in  
s a l i v a .1 0 » 2 2 9  B er lin ^ ®  s t a t e d  t h a t  Hg^+ i s  ac cu m u la te d  
i n  s a l i v a r y  and sw eat g l a n d s ,  and t h a t  s a l i v a ,  t e a r s  and sweat a r e  
r o u t e s  o f  e x c r e t i o n  f o r  Hg^+ . J o s e lo w  e t  a l . ^ 3 1  found  
t h a t  s a l i v a  a p p e a re d  to  r e f l e c t  th e  c o n c e n t r a t i o n  of m ercury  i n  
b lood  and t h e r e f o r e  c o u ld  be a p h y s i o l o g i c a l  f l u i d  of g r e a t  
d i a g n o s t i c  im p o r ta n c e .  They n o t e d ,  how ever , t h a t  most s a l i v a  i s  
re sw a l lo w e d  and th e  m ercury  r e a b s o r b e d ,  so t h a t  s a l i v a  i s  no t an 
e f f e c t i v e  r o u t e  o f  e x c r e t i o n  f o r  m ercu ry .  S t o p f o r d 2 2 0  s t a t e d  
t h a t  no m ercu ry  was found  i n  s a l i v a  u n l e s s  an  e x p o su re  t o  m ercury  
v a p o r  had o c c u r r e d ,  b u t  t h a t  such  m ercury  l e v e l s  c o u ld  be much 
h i g h e r  t h a n  m ercury  l e v e l s  i n  b lo o d .
E x c e s s iv e  s a l i v a t i o n  and s a l i v a r y  g la n d  e n la rg e m e n t  a r e  
symptoms o f  m ercu ry  p o i s o n i n g ,  b u t  a r e  more common on e x p o su re  to  
i n o r g a n i c  m ercu ry  th a n  t o  o rg an o -m erc u ry  com pounds.^  Work in
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t h e  1920 ’ b on p a t i e n t s  I n j e c t e d  w i th  m ercury  and m ercury  compounds 
( c a lo m e l ,  m e r c u r ic  c h l o r i d e )  a s  t r e a tm e n t  f o r  s y p h i l i s  found v e ry  
s m a l l  q u a n t i t i e s  o f  m ercu ry  i n  s a l i v a . 1 0 ,2 2 9  j n  a s tu d y  of 
i n d u s t r i a l  e x p o s u re ,  J o s e lo w  e t  a l . ^ 3 1  a n a ly z e d  th e  s a l i v a  of 
e xposed  w o rk e rs  and norm al a d u l t s .  The c o n c e n t r a t i o n  o f  m ercury  
i n  th e  s a l i v a  of norm al a d u l t s  was < 0 .5  y g /100  mL. C o n c e n t r a t i o n s  
i n  th e  s a l i v a  of exposed  w o rk e rs  ran g ed  from 1 - 1 5 .5  pg Hg/100 mL 
w i th  a mean of 5 pg Hg/100 mL. In  th e  exposed  g ro u p ,  s a l i v a  
l e v e l s  were a b o u t  o n e - t e n th  of th e  u r i n e  c o n c e n t r a t i o n s .  A b e t t e r  
c o r r e l a t i o n  was found betw een  m ercury  l e v e l s  i n  b lood and i n  
s a l i v a  m ercu ry  l e v e l s  t h a n  betw een m ercury  l e v e l s  i n  u r in e  and i n  
s a l i v a  m ercu ry  l e v e l s .
S t o p f o r d ^ O  r e p o r t e d  f i n d i n g  an a v e ra g e  l e v e l  o f  59 ppm 
Hg ( r a n g e :  1-436  ppm) I n  s a l i v a  o f  w o rk e rs  a t  a  c h e m ica l  p l a n t
p ro d u c in g  m ercury  compounds.
2 . D i f f i c u l t i e s  i n  t h e  A n a ly s i s  o f  B r e a th  and S a l iv a
a .  G e n e ra l  C o n s i d e r a t i o n s
B r e a th  and s a l i v a  sam p les  c o n t a i n  o n ly  t r a c e  (<ppm) 
amounts o f  m erc u ry .  C are  must be t a k e n  to  p r e v e n t  c o n ta m in a t io n  of 
t h e  sam ple i n  th e  c o l l e c t i o n  p r o c e s s .  Loss of v o l a t i l e  m ercury  
compounds must be p r e v e n te d  d u r in g  s t o r a g e  and a n a l y s i s  o f  th e  
s am p le .  P r e c o n c e n t r a t i o n  o f  t h e  m ercury  i n  th e  sample i s  
n e c e s s a r y  f o r  many a n a l y t i c a l  t e c h n iq u e s  and l o s s  o f  m ercu ry  or 
c o n ta m in a t io n  can occu r  d u r in g  t h i s  p r o c e s s .
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b .  B re a th
Only s u b s ta n c e s  which p a ss  th ro u g h  th e  c i r c u l a t o r y -  
a l v e o l a r  boundary  can be d e te rm in e d  i n  b r e a t h .  The sample must be 
c o l l e c t e d  under  c o n d i t i o n s  of known t e m p e r a t u r e ,  p r e s s u r e  and f low  
r a t e  to  a c c u r a t e l y  d e te rm in e  c o n c e n t r a t i o n  o f  a n a l y t e  and sample 
volum e.
B re a th  has  been shown to  c o n t a i n  a wide v a r i e t y  o f  o rg a n ic  
and I n o r g a n ic  g a s e s . ^ 2 1  p o t e n t i a l  i n t e r f e r e n c e s  from th e s e  
m o le c u le s  ( e . g . ,  m o le c u la r  a b s o r p t i o n  of an a to m ic  s p e c t r a l  l i n e )  
must be c o n s id e r e d  i n  th e  a n a l y s i s .  There  i s  a d i f f e r e n c e  in  
c h e m ic a l  c o m p o s i t io n  betw een lu n g  d e a d -s p a c e  a i r  and a l v e o l a r  a i r .  
T h is  d i f f e r e n c e  has  been  used  t o  e x p l a i n  th e  i n f l e c t i o n  p o in t  in  
p l o t s  of m ercury  e x h a le d  v e r s u s  t im e  from  e x p o s u r e . ^ »^30
C o l l e c t i o n  and s to r a g e  of b r e a t h  s a m p l e s ^ l  f o i l  
c o n t a i n e r s ,  g a s  b a g s ,  g l a s s  gas p i p e t s  or a d s o r p t i o n  on to  
a c t i v a t e d  c h a r c o a l ,  s i l i c a  g e l ,  e t c . ,  c an  l e a d  to  l o s s  of m ercury  
by a d s o r p t i o n  on to  c o n ta i n e r  w a l l s ,  by d i f f u s i o n  out of th e  
c o n t a i n e r  o r  by i n e f f i c i e n t  t r a p p i n g .
c .  S a l iv a
S a l iv a  p r e s e n t s  many o f  th e  same a n a l y t i c a l  p roblem s 
a s  o th e r  b i o l o g i c a l  f l u i d s :  l i m i t e d  sample a v a i l a b i l i t y ,  low
c o n c e n t r a t i o n  o f  a n a ly t e  and a complex m a t r i x .  Sample d i g e s t i o n  
and c o n c e n t r a t i o n  a r e  u s u a l l y  r e q u i r e d ,  w i th  t h e  c o n c o m ita n t  r i s k s  
o f  m ercu ry  l o s s  or c o n ta m in a t io n .
S a l iv a  i s  p roduced  by th e  p a r o t i d ,  s u b m a x i l l a r y  and sub ­
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l i n g u a l  g l a n d s .  The c h e m ica l  c o m p o s i t io n  of s a l i v a  depends on the  
g la n d  p ro d u c in g  i t  an on th e  i n t e n s i t y ,  d u r a t i o n  and ty p e  of 
s t i m u l a t i o n . ^32 T ab le  29, c o n t a i n i n g  d a ta  r e p o r t e d  by 
A f o n s k y ,232 p r e s e n t s  some o f  th e  compounds and e le m e n ts  found 
i n  u n s t i m u la t e d  s a l i v a  and t h e i r  t y p i c a l  c o n c e n t r a t i o n  r a n g e s .  
S a l iv a  a l s o  c o n ta i n s  such  t h i n g s  as  e p i t h e l i a l  c e l l s ,  l e u c o c y t e s ,  
r e d  b lood  c e l l s  and b a c t e r i a  w hich add to  th e  c o m p le x ity  of the  
m a t r ix  and change th e  ch e m ica l  c o m p o s i t io n .
V a r io u s  methods have been used  to  c o l l e c t  s a l i v a  f o r  
a n a l y s i s . 233 S p i t t i n g ,  s u c t i o n  or s im ple  d r a in a g e  from an 
open mouth have been used  t o  c o l l e c t  whole s a l i v a .  S p e c i a l  
s u c t i o n  d e v ic e s  a r e  used f o r  c o l l e c t i o n  of s a l i v a  from a 
p a r t i c u l a r  g l a n d . 233
3. Common A n a l y t i c a l  Methods f o r  t h e  D e te rm in a t io n  o f  M ercury 
i n  B re a th  and S a l iv a
a .  B re a th
Methods used  f o r  th e  d e t e r m i n a t i o n  of m ercury  i n  
b r e a t h  i n c lu d e  r a d i o t r a c e r  m ethods ,  UV-photometry and vapo r  phase 
a to m ic  a b s o r p t i o n  s p e c t r o s c o p y .
B re a th  sam ples from s u b j e c t s  exposed  t o  r a d i o a c t i v e  m ercury  
were u s u a l l y  c o l l e c t e d  on H o p c a l i t e  ( a c t i v e  MnC^/CuO) or 
a c t i v a t e d  c h a r c o a l .  The a d s o rb a n t  was coun ted  i n  a w e l l - t y p e  
s c i n t i l l a t i o n  c o u n t e r . 3-7,222,223 o s tlu n d ® ^  u sed  I n o r g a n ic  
m ercury  and d i t h i z o n e  s o l u t i o n s  to  a b s o rb  e x h a le d  r a d i o l a b e l l e d  
o rganom ercu ry  compounds. The s o l u t i o n s  were a n a ly z e d  by low -
Table 29
S e l e c t e d  Components o f  U n s t im u la te d  S a l i v a ^ ^  
C o n s t i t u t e n t  T y p ic a l  C o n c e n t r a t i o n
T o t a l  S o l id s 240 - 1500 mg%
O rg an ic  S o l id s 130 - 380 mg%
Ash 55 - 370 mg%
Ca 2 .5 - 1 1  mg%
P ( t o t a l ) 15 - 25 mg%
Na 1 - 65 mg%
K 30 - 95 mg%
C l 30 - 145 mg%
Mg 0 . 1 - 0 .7  mg%
c i t r a t e 0 - 2 . 0  mg%
t h io c y a n a t e 0 - 0 .31 mg%
Fe 0 — 0 . 6  ppm
Cu 1 0 - 4 7 .5  mg%
Co 0 - 12.5 ug%
F 0  .0 8 - 0 .25  ppm
S 3 - 2 0  mg%
Br 0 . 2 - 7 .1  ppm
t o t a l  p r o t e i n 140 - 640 mg%
c y s t i n e 0 - 45 mg%
g lu ta m ic  a c id . 2 — 1 2 . 5  mg%
m e th io n in e 0 - 0 . 1  mg%
g l u t a t h i o n e 15 .4  mg%
V itam in  Bj2 0 .1 5 5 ppb
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t e m p e r a tu r e  TLC and gamma c o u n t in g .  The d e t e c t i o n  l i m i t  was 2-80 
Pg Hg.
N ie l s e n  Rudsk227»228 uSed a com m ercial UV-photometer to  
m easure  Hg vapo r  i n  r e s p i r e d  a i r .  Two c o n d e n se r s  a t  11°C were 
u sed  t o  remove w a te r  vapor from th e  b r e a t h  b e fo re  i t  p a sse d  i n t o  
th e  p h o to m e te r  c e l l .  A s e n s i t i v i t y  of 3 yg Hg was r e p o r t e d .
R e in h a rd t  e t  a l . ^ 3 0  p a s se d  b r e a th  sam ples th ro u g h  a 
d r y in g  tube  and over  a s i l v e r  wool c o l l e c t o r .  M ercury was
r e l e a s e d  from th e  s i l v e r  wool by h e a t i n g  and th e  vapo r  was drawn
th ro u g h  a q u a r t z - c e l l  a to m ic  a b s o r p t io n  sy s tem ,
b .  S a l iv a
Jo se lo w  e t  a l . ^ 3 1  d e te rm in e d  m ercury  i n  s a l i v a
w i th  a  U V -photom eter. S a l iv a  sam ples  were d i g e s t e d  u s in g  a co ld
d i g e s t i o n  and th e n  e x t r a c t e d  w i th  d i t h i z o n e .  The s o lv e n t  was 
e v a p o r a te d  and th e  r e s i d u e  h e a te d  i n  a f u r n a c e .  The r e l e a s e d  
m ercury  v a p o r  was drawn th ro u g h  th e  p ho tom e te r  c e l l .
S to p fo rd ^ 2 0  gave no d e t a i l s  of th e  a n a l y t i c a l  method u sed  
i n  h i s  m easurem ent of s a l i v a  m ercury  l e v e l s  i n  i n d u s t r i a l l y -  
e xposed  w o rk e rs .
4 . S p e c l a t i o n  o f  M ercury Compounds i n  B r e a th  and S a l iv a
Very l i t t l e  work has been done to  i d e n t i f y  t h e  ch e m ica l  
form o f  m ercury  in  b r e a t h .  Most s t u d i e s  have m easured th e  
f r a c t i o n a l  amount of Hg v a p o r  r e t a i n e d  by th e  lu n g s  as  a f u n c t i o n  
o f  m ercury  v a p o r  i n  i n s p i r e d  a i r  o r have m easured o n ly  th e  amount 
o f  e x p i r e d  r a d i o a c t i v e  m ercu ry ,  n o t  th e  c h e m ica l  fo rm . Only
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O s t l u n d ' s  TLC method®® a llo w e d  i d e n t i f i c a t i o n  of th e  ch e m ica l  
form  o f  m ercury  e x h a le d  by m ic e .  By v a r y in g  th e  a b s o rb in g
s o l u t i o n s  and TLC c o n d i t i o n s ,  he was a b le  to  s e p a r a t e  a number of
i n o r g a n i c ,  a l k y l  and a r y l  m ercury  compounds. O s t lu n d  found no 
e x h a le d  r a d i o a c t i v e  m ercury  from mice i n j e c t e d  w i th  203Hg_ 
l a b e l l e d  m ethy l  m ercury  h y d ro x id e .  A f t e r  i n j e c t i o n  w i th  ^03^g 
l a b e l l e d  d im e th y lm e rc u ry ,  m ost of th e  dose was e x h a le d  w i t h i n  one 
hou r  of i n j e c t i o n  as i n t a c t  d im e th y lm e rc u ry .
The ch e m ica l  form of m ercury  e x h a le d  i n  human b r e a t h  i s  not
known. I t  cou ld  be in  th e  form of d im e th y lm e rc u ry ,  an a lo g o u s  to  
th e  e x c r e t i o n  of Se and Te in  b r e a t h .  C la rk s o n  and R o t h s t e i n ^ 2  
s u g g e s te d  t h a t  i t  i s  p ro b a b ly  i n  th e  e le m e n ta l  s t a t e  s in c e  
r e d u c in g  a g e n ts  p r e s e n t  i n  t i s s u e  can reduce  Hg^+ t o  Hg°. I t  
i s  p o s s i b l e  t h a t  some e le m e n ta l  m ercury  in  b r e a t h  a r i s e s  from 
s i l v e r  amalgam d e n t a l  f i l l i n g s .  M ic roorgan ism s  i n  th e  mouth cou ld  
v o l a t i l i z e  m ercu ry .  S t o p f o r d ^ 2 0  s u g g e s te d  t h a t  some Hg° i s  
a lw ays  a v a i l a b l e  to  be e x h a le d  from an e q u i l i b r i u m  betw een Hg^+ 
and Hg° i n  t h e  b lo o d .
S p e c i a t i o n  o f  m ercury  compounds i n  a i r  was r e p o r t e d  by 
Johnson  and Braman.^34 They used  a s e r i e s  of s e l e c t i v e  
a d s o r p t i o n  tu b e s  to  s e p a r a t e  m e rc u r ic  compounds, m e th y lm e rc u r ic  
compounds, e l e m e n ta l  m ercury  v a p o r  and d im e th y lm e rc u ry .  The 
s e c t i o n s  o f  th e  a d s o r p t i o n  t r a i n  were h e a te d  to  remove th e  v a r i o u s  
m ercu ry  s p e c i e s  and th e  vapor p a s se d  i n t o  a h e liu m  dc d i s c h a r g e .  
M ercury was d e t e c t e d  by m ea su r in g  e m is s io n  a t  th e  253 .65  nm l i n e .
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A d e t e c t i o n  l i m i t  o f  5 x lO” ^^ g Hg was r e p o r t e d .  I t  seemed 
f e a s i b l e  t o  us t o  a p p ly  t h i s  s e l e c t i v e  a d s o r p t i o n  t e c h n iq u e  t o  the  
s p e c i a t i o n  of m ercury  i n  b r e a t h .  Our a t te m p t  i s  d i s c u s s e d  below.
No r e p o r t s  of s p e c i a t i o n  of m ercury  compounds i n  s a l i v a  were 
fo u n d .
5 . G oals  o f  T h is  S tudy
The g o a ls  of t h i s  s tu d y  were to  d e v e lo p  a d i r e c t  method 
f o r  th e  d e t e r m i n a t i o n  o f  m ercury  in  b r e a th  and s a l i v a  and to  
d e v e lo p  a method f o r  s p e c i a t i o n  of m ercury  compounds in  b r e a th  and 
s a l i v a .
Atomic a b s o r p t io n  s p e c t r o s c o p y  u s in g  th e  R obinson  q u a r t z  "T" 
a to m iz e r  f u l f i l l e d  t h e  r e q u i r e m e n ts  f o r  m ercury  d e t e r m i n a t i o n s  in  
b r e a t h  and s a l i v a .  The a d v a n ta g e s  of the  q u a r t z  "T" a to m iz e r  fo r  
t h i s  type  o f  a n a l y s i s  were num erous:
a .  The long  l i g h t  p a th  of th e  a to m iz e r  i n c r e a s e d  th e  
s e n s i t i v i t y  o f  th e  t e c h n iq u e  over  c o n v e n t io n a l  a to m iz e r s  and made 
p r e c o n c e n t r a t i o n  of sam ples u n n e c e s s a ry .
b . The a to m iz e r  can be f lu s h e d  w i th  Ar or N£» p e r m i t t i n g  
u se  o f  th e  more s e n s i t i v e  s p in - a l lo w e d  m ercury  re s o n a n c e  l i n e  a t
1 8 4 .9  nm.
c .  The sample was i n  c o n ta c t  w i th  th e  ca rb o n  bed under a 
r e d u c in g  a tm osphere  f o r  ab o u t  30 s e c o n d s .  T h is  r e s u l t e d  i n  more 
e f f i c i e n t  a to m iz a t io n  o f  complex b i o l o g i c a l  m a t r i c e s .
d .  The ca rbon  bed can be composed o f  a c t i v a t e d  c a rb o n  f o r  




The a tom ic  a b s o r p t i o n  sys tem  used  f o r  t h e s e  s t u d i e s  was 
d e s c r i b e d  i n  C h a p te r  1 . Minor m o d i f i c a t i o n s  were made as  f o l l o w s :
For b r e a th  sa m p l in g ,  t h e  ca rb o n  bed was composed of a c t i v a t e d  
N a t io n a l  c a rb o n ^ -*  i n  o r d e r  to  a d s o rb  m ercury  compounds from 
b r e a t h .
In  a d d i t i o n ,  th e  to p  o f  th e  q u a r t z  "T" a to m iz e r  was f i t t e d  
w i th  a o n e -h o le d  ru b b e r  s to p p e r .  A s h o r t  p ie c e  of g l a s s  t u b in g  
was i n s e r t e d  th ro u g h  th e  s to p p e r  and a 30-cm l e n g t h  of Tygon 
tu b in g  was a t t a c h e d  t o  th e  g l a s s .  S u b je c t s  e x h a le d  th ro u g h  the  
Tygon tu b in g  d i r e c t l y  o n to  th e  a to m iz e r  ca rbon  bed .
For l i q u i d  sample i n t r o d u c t i o n  w i th  th e  Drummond m ic ro ­
d i s p e n s e r ,  th e  to p  of th e  a to m iz e r  was f i t t e d  w i th  a o n e -h o le d  
ru b b e r  s to p p e r  to  c e n t e r  th e  m ic r o d is p e n s e r  over  th e  ca rbon  bed.
2. C hem ica ls
a .  1000 ppm Hg^+ s o l u t i o n .  P re p a re d  from m e rc u r ic  
c h l o r i d e  (M atheson , Coleman and B e l l ) ,  d e io n iz e d  d i s t i l l e d  w a te r  
and co n c .  HNO3  a s  d e s c r i b e d  i n  C h a p te r  1.
b .  45-60 Mesh Chromosorb W
c .  45-60 Mesh Chromosorb W w i th  5% (W/W) SE-30
3. Sample C o l l e c t i o n  and A n a ly s is
a .  B re a th
B efo re  any b r e a t h  sam ples  were c o l l e c t e d ,  th e  ca rbon  
bed was h e a te d  to  abou t 1500°C t o  c l e a n  o f f  any a d so rb e d  m ercu ry .
233
The bed was h e a te d  u n t i l  th e  r e c o r d e r  pen r e t u r n e d  t o  100% T. The 
r a d io f r e q u e n c y  ( r f )  g e n e r a to r  was t u rn e d  o f f  and th e  bed a llow ed  
t o  c o o l  unde r  a i r  or s c ru b b e d  n i t r o g e n  f o r  5 m in u te s .  A b r e a t h  
sam ple was th e n  c o l l e c t e d  by h a v in g  th e  s u b j e c t  h o ld  th e  end of 
th e  Tygon t u b in g  i n  h i s  mouth. He b r e a th e d  i n  th ro u g h  h i s  nose 
and e x h a le d  th ro u g h  th e  t u b in g  d i r e c t l y  o n to  th e  u n h e a te d  ca rb o n  
bed . The a to m iz e r  c e l l  vacuum pump p u l l e d  th e  e x h a le d  a i r  over 
th e  c a rb o n  bed a t  a r a t e  of 200 mL/min. The te n - m in u te  sam pling  
p e r io d  c o l l e c t e d  2  l i t e r s  o f  e x h a le d  b r e a t h .
A f t e r  th e  sam ple had been c o l l e c t e d ,  30 se co n d s  were a l low ed  
f o r  th e  b r e a t h  r e m a in in g  in  th e  t u b in g  to  be p u l l e d  o n to  t h e  bed. 
The f low  o f  a i r  was d i v e r t e d  around  th e  a to m iz e r  by means o f  a 
bypass  v a lv e .  The r f  g e n e r a to r  was t u r n e d  on and th e  bed was 
h e a te d  t o  decompose and a tom ize  th e  t r a p p e d , s a m p le .  T h i r t y - f i v e  
se co n d s  were a l lo w e d  f o r  th e  h e a t i n g  and a to m iz a t io n  p r o c e s s  
b e fo re  a i r  ( o r  n i t r o g e n )  f lo w  was resumed th ro u g h  th e  c e l l .  The 
a to m iz e d  sample was drawn th ro u g h  th e  l i g h t  p a th  where a tom ic  
a b s o r p t i o n  to o k  p l a c e .
For r e s o n a n c e  l i n e  a b s o r p t i o n  m easurem ents  (2 5 3 .7  o r  184 .9  
nm), t h e  dem ountab le  Hg h o llow  c a th o d e  lamp was u s e d .  For 
m easurem ent of m o le c u la r  backg round , th e  sam ple c o l l e c t i o n  and 
a n a l y s i s  p ro c e d u re  was r e p e a t e d ,  bu t a d e u te r iu m  lamp was used  in  
p l a c e  o f  th e  h o l lo w  c a th o d e  lamp. Background s i g n a l s  from a i r ,  
n i t r o g e n  and b r e a t h  sam ples  were m easured  on a t  l e a s t  f i v e  
d i f f e r e n t  o c c a s i o n s .  No background a b s o r p t i o n  was e v e r  s e en  a t
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253 .7  nm. Background a b s o r p t i o n  s i g n a l s  m easured a t  184 .9  nm were 
due to  H2  and CO form ed d u r in g  th e  a to m iz a t io n  p r o c e s s .
A l l  s t a g e s  of t h e  sample c o l l e c t i o n  p ro c e d u re  were tim ed 
u s in g  a  s to p w a tc h  so t h a t  sam ples  cou ld  be c o l l e c t e d  and a n a ly z e d  
i n  a r e p r o d u c i b l e  m anner.
A " b la n k "  sam ple was c o l l e c t e d  and a n a ly z e d  to  d e te rm in e  th e  
a b s o r p t i o n  from a i r  or n i t r o g e n  p u l l e d  th ro u g h  th e  a to m iz e r  in  
be tw een  b r e a t h  sa m p le s .  A two l i t e r  a l i q u o t  of a i r  or n i t r o g e n  
was drawn over  th e  bed i n  p la c e  of a b r e a t h  sam p le .  The a b s o r b ­
ance  from th e  b lan k  was s u b t r a c t e d  from th e  a b so rb a n c e  of th e  
sam p les  run  t h a t  day .
B re a th  sam ples  were c o l l e c t e d  from a d u l t  m ales  and fe m a le s  i n  
t h e  L o u i s ia n a  S t a t e  U n i v e r s i t y  p o p u l a t i o n .  C h e m is try  f a c u l t y ,  
g r a d u a t e  s t u d e n t s ,  u n d e rg r a d u a te  s t u d e n t s  and s e c r e t a r i a l  
p e r s o n n e l  c o n s i t i t u t e d  th e  sam pled g ro u p .  None of th e  sampled 
p o p u l a t i o n  was o c c u p a t i o n a l l y  exposed  t o  m ercury  ( o t h e r  th a n  
norm al l a b o r a t o r y  e x p o s u r e ) .  One of th e  s u b j e c t s  was c u r r e n t l y  
w ork ing  w i th  e l e m e n t a l ,  i n o r g a n i c  and o r g a n ic  m ercury  on a l i m i t e d  
b a s i s .  A nother  s u b j e c t ,  t o  be d i s c u s s e d  below , was exposed  to  
m ercury  th ro u g h  i n g e s t e d  p a i n t .  Three  o f  th e  f o r t y - t w o  s u b j e c t s  
were c i g a r e t t e  sm okers .  Most s u b j e c t s  consumed f i s h  ( a  known 
s o u rc e  o f  m ercu ry )  two t o  fo u r  t im e s  pe r  month. None o f  the  
s u b j e c t s  had undergone  any d e n t a l  work w i t h in  th e  p r e v io u s  s i x  
m onths .
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S p e c ia t i o n  of m ercury  compounds i n  b r e a th  was a t t e m p te d  u s in g  two 
o f  th e  s e l e c t i v e  a d s o r p t io n  tu b e s  d e s c r ib e d  by Jo h n so n  and 
Braman.^34 These tu b e s  were p la c e d  i n  th e  Tygon tu b in g  l i n e  
l e a d i n g  t o  th e  a to m iz e r  so t h a t  the  b r e a t h  sample p a s se d  th ro u g h  
th e  a d s o r p t i o n  tu b e s  b e fo r e  r e a c h in g  th e  ca rb o n  bed .
b .  S a l iv a
S a l iv a  sam ples were c o l l e c t e d  from f o u r t e e n  i n d i v i ­
d u a ls  in  th e  sample p o p u la t io n  d i s c u s s e d  above. The s u b j e c t s  
r i n s e d  t h e i r  mouths w i th  t a p  w a t e r ,  swallowed a few t im es  and 
e x p e c t o r a t e d  i n t o  n i t r i c  a c id - c l e a n e d  p o ly e th y le n e  v i a l s .  I t  was 
p o s s i b l e  t h a t  r i n s i n g  w i th  t a p  w a te r  cou ld  d i l u t e  th e  s a l i v a  and 
r e s u l t  i n  a n e g a t iv e  e r r o r  i n  th e  d e t e r m i n a t i o n .  T h is  was not 
th o u g h t  to  be a s e r i o u s  prob lem  and , i n  any c a s e ,  was p r e f e r a b l e  
t o  a n a ly z in g  s a l i v a  c o n ta m in a te d  w i th  c o f f e e  and chewing gum. 
S a l iv a  sam ples were a n a ly z e d  im m ed ia te ly  a f t e r  c o l l e c t i o n .  Two 
methods o f  a n a l y s i s  were u se d .
i .  Carbon D isk Method
Carbon d i s k s  were p re p a re d  by punch ing  6  mm d i s k s  
from s h e e t s  of p y r o l y t i c  g r a p h i t e - c o a t e d  G ra p h o i l  w i th  a h o le  
punch . The d i s k s  were c le a n e d  by h e a t i n g  them i n  t h e  ca rbon  bed 
a t  1450°C u n t i l  no m ercury  a b s o r p t io n  s i g n a l  was s e e n .  A f te r  th e  
bed was co o le d  under sc rubbed  n i t r o g e n ,  th e  d i s k s  were removed and 
s t o r e d  i n  capped n i t r i c  a c id - c l e a n e d  p o ly e th y le n e  v i a l s .  The 
d i s k s  were c le a n e d  abou t  two h o u rs  p r i o r  to  u s e .
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A 1 jjL a l i q u o t  of s a l i v a  was p la c e d  on a G r a p h o i l  d i s k  w i th  a 
H am il to n  m i c r o l i t e r  s y r i n g e .  The d i s k  was d ropped  o n to  th e  hot 
ca rb o n  bed and th e  a b s o r p t i o n  s i g n a l  m easu red . Samples were 
a n a ly z e d  i n  t r i p l i c a t e .  Background a b s o r p t io n  was m easured w i th  
th e  d e u te r iu m  lamp on a d d i t i o n a l  a l i q u o t s  of th e  sam p le .
i i .  D i r e c t  I n j e c t i o n  w i th  M ic ro d is p e n s e r
Two m i c r o l i t e r  a l i q u o t s  of s a l i v a  were i n j e c t e d  
d i r e c t l y  on to  th e  h o t  ca rbon  bed w i th  th e  m o d if ie d  Drummond m ic ro -  
d i s p e n s e r .  Background a b s o r p t i o n  was m easured w i th  th e  d e u te r iu m  
lamp on s e p a r a t e  a l i q u o t s .
I d e n t i f i c a t i o n  of th e  c h e m ica l  form of m ercury  i n  s a l i v a  was 
a t t e m p t e d .  The p ro ce d u re  and r e s u l t s  a r e  d i s c u s s e d  i n  C h a p te r  7 
o f  t h i s  d i s s e r t a t i o n .
4 . C a l i b r a t i o n
a .  B re a th
C a l i b r a t i o n  was a cco m p lish ed  by i n j e c t i n g  v a r i o u s  
volumes of a i r  s a t u r a t e d  w i th  m ercury  v a p o r  o n to  th e  co ld  ca rb o n  
bed w i th  a g a s - t i g h t  s y r i n g e .  The amount of m ercury  i n j e c t e d  was 
c a l c u l a t e d  from vapo r  p r e s s u r e  d a t a . f h e  a d so rb e d  m ercury  
v a p o r  was a n a ly z e d  as  i f  i t  were from a  t r a p p e d  b r e a t h  sam ple .
The s e n s i t i v i t y ,  d e f i n e d  as  t h a t  q u a n t i t y  of m ercu ry  e q u a l  to  
1% a b s o r p t i o n ,  was ( 1 .5  + 0 . 2 )  x  10“ H  g f o r  t h e  184 .9  nm l i n e  
and ( 1 .0  + 0 . 1 )  x 10“ 1® g f o r  th e  253.7  nm l i n e .
C a l i b r a t i o n  c u rv e s  were l i n e a r  up to  abou t 70 ng Hg ( a p p r o x i ­
m a te ly  3 mL of a i r  s a t u r a t e d  w i th  Hg v a p o r )  a t  th e  253 .7  nm l i n e .
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With l a r g e r  vo lum es, an  a b s o r p t i o n  s i g n a l  began to  be re c o rd e d  
b e fo r e  th e  bed was h e a te d .  T h is  was p ro b a b ly  due t o  m ercury  be ing  
r e l e a s e d  from th e  ca rbon  n e a r  t h e  bottom  of th e  bed , which was 
warmed by th e  h e a te d  o p t i c a l  p a th ,
b .  S a l iv a
Aqueous s o l u t i o n s  o f  Hg^+ i n  th e  0 .0 1  to  10 ppm 
ran g e  were p re p a re d  f r e s h  d a i l y  by d i l u t i o n  of th e  1 0 0 0  ppm s to c k  
Hg2+ s o l u t i o n .  S ta n d a rd s  were d i l u t e d  w i th  d e io n iz e d  
d i s t i l l e d  w a t e r .  C a l i b r a t i o n  c u rv e s  were run  by th e  two methods 
d e s c r i b e d  f o r  i n t r o d u c t i o n  of s a l i v a  sam ples  i n t o  t h e  a to m iz e r ,  
t h e  ca rb o n  d i s k  method and d i r e c t  i n j e c t i o n  w i th  th e  Drummond 
m ic r o d i s p e n s e r .  The a b so rb a n c e  due to  b lan k  ca rb o n  d i s k s  and 
d e io n iz e d  d i s t i l l e d  w a te r  was m easured  and s u b t r a c t e d  from the  
a b s o rb a n c e  of th e  s t a n d a r d s  when r e q u i r e d .  Background a b s o r p t io n  
was m easured  w i th  th e  d e u te r iu m  lamp.
C a l i b r a t i o n  c u rv e s  were l i n e a r  up t o  10 ppm Hg a t  th e  253.7  
nm l i n e .  T y p ic a l  c a l i b r a t i o n  c u rv e s  a r e  shown i n  F ig u re s  15 and 
16 . P r e c i s i o n  was d e te rm in e d  by m aking 20 i n j e c t i o n s  of a 2 ppm 
Hg s o l u t i o n .  The mean found by th e  c a rb o n  d i s k  t e c h n iq u e  was 2 .0  +
0 .4  ppm (mean + a ) ;  t h a t  found by d i r e c t  i n j e c t i o n  was 2 .0  + 0 .2  
ppm (mean + cr).
C. RESULTS
1 .  M ercury C o n c e n t r a t i o n s  i n  L a b o r a to ry  A i r  and N2  Purge  Gas
An a l i q u o t  of l a b o r a t o r y  a i r  or N2  pu rge  gas  was
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a n a ly z e d  in  o rd e r  to  d e t e c t  any m ercury  i n  t h e s e  g a s e s  which would 
be t r a p p e d  by th e  c a rb o n  bed d u r in g  th e  c o o l in g  p e r io d  between 
b r e a t h  sa m p le s .  T h is  d e t e r m i n a t i o n  was c o n s id e r e d  t o  be a  b lan k  
f o r  s u b s e q u e n t  b r e a th  sa m p le s .
A b s o rp t io n  t r a c e s  o f  l a b o r a t o r y  a i r  and n i t r o g e n  purge gas  a t
1 8 4 .9  nm a r e  shown i n  F ig u re  42. An a b s o r p t i o n  t r a c e  of 
l a b o r a t o r y  a i r  a t  253 .7  nm i s  shown i n  F ig u re  43. Resonance 
a b s o r p t i o n  and background a b s o r p t i o n  a r e  shown.
M ercury c o n c e n t r a t i o n s  found i n  l a b o r a t o r y  a i r  on v a r io u s  
d a t e s  a r e  l i s t e d  i n  T a b le  30. A l l  d a ta  were m easured  a t  253 .7  nm. 
The mean m ercury  c o n c e n t r a t i o n  found was 2 .3  pg  Hg/m^ a i r .
The ran g e  was from 0 .1  t o  6 .3  pg  Hg/m^ a i r .
2. M ercury C o n c e n t r a t i o n s  i n  B r e a th
A b s o rp t io n  t r a c e s  of b r e a t h  a t  184 .9  nm and 253 .7  nm a re  
shown in  F ig u r e s  43 and 44 . Use o f  th e  184 .9  nm re so n a n c e  l i n e  
was i n v e s t i g a t e d  i n  o r d e r  t o  e x p l o i t  t h e  s e n s i t i v i t y  o f  t h i s  l i n e  
o v e r  th e  s p i n - f o r b i d d e n  253 .7  nm l i n e .  As can  be s e e n  in  F ig u re  
4 4 ,  100% a b s o r p t i o n  of th e  184 .9  nm re s o n a n c e  l i n e  o c c u r r e d  a t  th e  
s t a r t  of th e  b r e a th  sam ple c o l l e c t i o n  p e r i o d .  T h is  a b s o r p t i o n  was 
due t o  oxygen , c a rb o n  d i o x i d e ,  w a te r  vapo r  and o th e r  m o le c u la r  
c o n s t i t u e n t s  of b r e a t h .  At th e  end of t h e  t e n  m inu te  sam pling  
p e r i o d ,  n i t r o g e n  purge  gas  was i n t r o d u c e d  i n t o  th e  a to m iz e r  and 
t r a n s m i s s i o n  of th e  r e s o n a n c e  l i n e  r a p i d l y  i n c r e a s e d .  However, 
a b s o r p t i o n  o f  th e  re so n a n c e  l i n e  by m ercu ry  r e l e a s e d  from th e  









1 8 4 . 9  nm
L a b  Air Scrubbed N-
FIGURE ABSORPTION TRACES OF AIR AND N2  AT I J & .9  POINT A:
SAMPLE INTRODUCED ONTO COLD CARBON BED. POINT B: SAMPLE FLCW STOPPED 
AND RF GENERATOR TURNED ON TO HEAT CARBON BED. POINT C: ATOMIZED 
SAMPLE FULLED INTO LIGHT PATH. RESONANCE (H g) AND MOLECULAR BACK­
GROUND ABSORPTION (Da ) ARE SHOWN.
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FIGURE l*-3: ABSORPTION TRACES OF AIR ( I  AND I I I )  AND BREATH ( I I  AND IV ) 
SAMPLES AT 2 5 3 -7  nm. POINT A: SAMPLE INTRODUCED ONTO COLD CARBON 
BED. POINT B: SAMPLE FLOW STOPPED AND RF GENERATOR TURNED ON TO 
HEAT CARBON BED, POINT C : ATOMIZED SAMPLE PULLED INTO LIGHT PATH. 
RESONANCE (H g) AND MOLECULAR BACKGROUND ABSORPTION (D2 ) ARE SHOWN.
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M ercury
T ab le  30 
C o n c e n t r a t i o n s  In  L a b o ra to ry Air
Date ng Hg/2L a i r  yg Hg/m^ a i r
0 7 /1 4 /8 1 2 . 6 1 .3
0 7 /1 5 /8 1 1 . 8 0 .9
0 7 /1 6 /8 1 1 1 . 0 5 .5
0 7 /2 0 /8 1 8 . 0 4 .0
0 7 /2 4 /8 1 1.4 0 .7
0 7 /3 1 /8 1 4 .0 2 . 0
0 8 /2 7 /8 1 2 . 0 1 . 0
10 /2 6 /8 1 1 . 2 0 . 6
10 /28 /81 0 .3 0 . 1
12 /1 4 /8 1 3 .0 1.5
1 2 /15 /81 3 .0 1 .5
1 2 /15 /81 1 1 . 8 5 .9
12 /1 7 /8 1 3 .9 1 .9
0 1 /1 8 /8 2 8 .5 4 .3
0 1 /2 1 /8 2 0 .7 0 .3
0 2 /0 2 /8 2 12 .5 6 .3
2 4 2
1 8 4 . 9  nm
100












BREA TH S A M P L E S
FIGURE 4 4 :  ABSORPTION TRACES OF BREATH SAMPLES AT 1 8 4 ,9  nm.
POINT A t SAMPLE INTRODUCED ONTO COLD CARBON BED. POINT B : SAMPLE 
FLOW STOPPED AND RF GENERATOR TURNED ON TO HEAT CARBON BED. POINT 
C: ATOMIZED SAMPLE PULLED INTO LIGHT PATH. RESONANCE (Hg) AND 
MOLECULAR BACKGROUND ABSORPTION (Ds ) ARE SHOWN.
2 4 3
b a s e l i n e .  T h is  r e s u l t e d  i n  a m ercury  a b s o r p t io n  peak w i th  a non­
h o r i z o n t a l  b a s e l i n e  which made th e  peak h e ig h t  d i f f i c u l t  to  
m easure  r e p r o d u c i b l y .  I n  a d d i t i o n ,  a c o r r e c t i o n  f a c t o r  had to  be 
a p p l i e d  i f  th e  a b s o r p t i o n  s i g n a l  began a t  l e s s  th a n  100% T.
No m o le c u la r  a b s o r p t i o n  o c c u r r e d  a t  253 .7  nm and th e  s e n s i ­
t i v i t y  was a d e q u a te  f o r  b r e a th  a n a l y s i s .  T h e r e f o r e ,  no q u a n t i t a ­
t i v e  a n a ly s e s  were made a t  184 .9  nm.
M ercury c o n c e n t r a t i o n s  i n  th e  b r e a th  of 42 s u b j e c t s  were 
d e te r m in e d .  A l l  d e t e r m i n a t i o n s  were made a t  253.7  nm. The 
r e s u l t s  a r e  l i s t e d  i n  T a b le  31. The o v e r a l l  a v e ra g e  m ercury  
c o n c e n t r a t i o n  i n  b r e a th  was found to  be 2 .6 5  ng Hg/L b r e a t h ;  t h a t  
f o r  m ales was 2 .10  ng Hg/L b r e a t h  and f o r  f e m a le s ,  3 .4 5  ng Hg/L 
b r e a t h .
3 . V a r i a t i o n  i n  M ercury C o n c e n t r a t i o n  i n  B re a th  w i th  Exposure  
t o  M ercury
Two fem a les  were s tu d i e d  who had been exposed  to  m ercury  
on a l i m i t e d  b a s i s .  The b r e a th  of t h e  f i r s t  s u b j e c t  was a n a ly z e d  
on n ine  d i f f e r e n t  o c c a s io n s  ov e r  an  e i g h t  month p e r i o d .  The 
m ercury  c o n c e n t r a t i o n s  found  ran g ed  from <0.05 ng /L  t o  8 . 6  ng/L  
and a r e  l i s t e d  In  T a b le  32. A n a ly s i s  number 4 was perfo rm ed  about 
3 h o u r s  a f t e r  th e  s u b j e c t  had h a n d le d  e le m e n ta l  m ercu ry .  A n a ly s is  
number 9 was pe rfo rm ed  ab o u t  two h o u rs  a f t e r  th e  s u b j e c t  had 
weighed out s o l i d  m ethy lm ercu ry  c h l o r i d e .  These a n a ly s e s  showed 
m ercury  c o n c e n t r a t i o n s  i n  t h e  b r e a t h  of 8 . 6  and 6 .2  n g /L ,  
r e s p e c t i v e l y  which were c o n s id e r a b l y  h ig h e r  th a n  c o n c e n t r a t i o n s
Table 31
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M ercury C o n c e n t r a t i o n  i n  B re a th
Female Male
S u b je c t  no ng H g / 2 L S u b je c t  no. ng H g / 2 L
B re a th B re a th
1 3 .5 2 1 10.4
2 1.5 2 2 0 .5
3 3 . 2a 23 1 . 6
4 1 . 0 24 1.5
5 3.1 25 6 .5
6 3.1 26 0 .7
7 6 .3 27 3 .3
8 15.5 28 0 .7
9 1 . 8 a 29 none d e te c
1 0 7 .2 30 3 .2
1 1 1 2 . 2 31 3 .8
1 2 19.4 32 0 .3
13 none d e t e c t e d 33 0 .7
14 16.7 34 1 .3
15 none d e t e c t e d 35 1 .9
16 2 9 .7 36 3 .1
17 none d e t e c t e d 37 1 . 0
18 2 . 0 38 7 .2
19 8 .5 39 18 .5
2 0 3 .6 40 5 .0
41 4 .5
42 1 0 . 0
a c l g a r e t t e smoker
Fem ales Males
n -  2 0 n -  2 2
x “  6 .9 ng Hg/2L B rea th x = 4 .2 ng Hg/2L B rea th
o = 9 .9 cr = 4 .4
r a n g e : none d e t e c t e d  - r a n g e : none d e t e c t e d  -
29*7 ng Hg/2L B re a th 1 8 .5  ng Hg/2L B re a th
O v e r a l l  
n “  42
x ■ 5 .3  ng Hg/2L B re a th  
a  ■= 6 .5
r a n g e :  none d e t e c t e d  -
2 9 .7  ng Hg/2L B re a th
Table 32
M ercury C o n c e n t r a t i o n s  i n  B re a th  of 
an  I n d i v i d u a l  Exposed to  M ercury
S u b je c t  1
A n a ly s is  no. Date ng Hg/L B rea th
1  0 7 /1 4 /8 1  none d e t e c t e d
2 0 7 /1 6 /8 1  1 .9
3 0 7 /3 1 /8 1  none d e te c te d
4a 1 0 /2 6 /8 1  8 . 6
5 1 0 /28 /81  1 .8
6  1 2 /15 /81  none d e te c te d
7 1 2 /1 7 /8 1  3 .4
8  0 1 /2 1 /8 2  none d e te c te d
9b 0 2 /0 9 /8 2  6 .2
a exposed  to  e l e m e n ta l  m ercury  
^exposed  t o  m e th y lm e rc u r ic  c h l o r i d e
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found on o th e r  o c c a s i o n s ,  which had an a v e rag e  v a lu e  of 1 . 0  ng 
Hg/L.
The second s u b je c t  was exposed  to  m ercury  th ro u g h  o r a l  
i n g e s t i o n  o f  m e r c u r y - c o n ta in in g  p a i n t .  She was i n  th e  h a b i t  of 
p o i n t i n g  he r  p a in t  b ru sh  w ith  h e r  mouth When p a i n t i n g  ceram ic  
f i g u r i n e s .  The exposu re  was d i s c o v e r e d  when th e  s u b je c t  was asked 
t o  d o n a te  a  b r e a th  sample f o r  a n a l y s i s .  The m ercury c o n c e n t r a t i o n  
found was 22 .2  ng Hg/L b r e a t h ,  th e  h i g h e s t  c o n c e n t r a t i o n  measured 
i n  t h i s  s tu d y  a t  t h a t  p o i n t .  A r e p e a t  sample confirm ed  th e  h igh  
l e v e l .  The s u b j e c t  th e n  ce ase d  p u t t i n g  th e  b ru sh  in  h e r  mouth. 
M ercury l e v e l s  i n  th e  s u b j e c t ' s  b r e a t h  on v a r io u s  d a te s  a r e  l i s t e d  
i n  T a b le  33.
The m ercury  l e v e l s  found i n  th e  b r e a th  of t h e s e  2 s u b j e c t s  
were n o t  in c lu d e d  i n  th e  d a ta  i n  T a b le  31 .
4. S p e c i a t i o n  o f  M ercury i n  B re a th
An a t te m p t  was made to  s p e c i a t e  m ercury  i n  b r e a th  th ro u g h  
th e  use of th e  two a d s o r p t i o n  tu b e s  d e s c r ib e d  p r e v i o u s l y .  The 
HC1—t r e a t e d  S E -3 0 -co a ted  Chroraosorb W was supposed  to  r e t a i n  
HgCl2 “ l i k e  compounds. The N aO H -trea ted  Chromosorb W was 
supposed  to  r e t a i n  C ^ H g C l - l i k e  compounds. E le m e n ta l  m ercury  
vapor  and d im e th y lm erc u ry  sh o u ld  have p a sse d  th ro u g h  th e  a d s o rp ­
t i o n  tu b e s  and been r e t a i n e d  on th e  ca rbon  bed. A ir  s a t u r a t e d  
w i th  m ercu ry  v a p o r  was used  to  check  th e  a d s o r p t i o n  tu b e  sys tem .
1 mL o f  a i r  s a t u r a t e d  w i th  Hg° (ab o u t  20 yg  Hg) was i n j e c t e d  
th ro u g h  b o th  a d s o r p t i o n  t u b e s .  The sample was t r e a t e d  as though  i t
Table 33
M ercury C o n c e n t r a t i o n s  I n  B re a th  and S a l iv a  
o f  an I n d i v i d u a l  Exposed to  M ercury
S u b je c t  2
Date ng Hg/2 B re a th  ppm Hg in  S a l iv a
1 2 /1 4 /8 1  22 .2  0 .8 0
12 /1 5 /8 1  1 4 .2  -------
0 1 /1 8 /8 2  3 2 .0  -------
0 2 /0 9 /8 2  9 .5  -------
0 5 /0 5 /8 2  5 .6  0 .08
N o te :  Exposure  c e a s e d  1 2 /3 1 /8 1
2 4 8
was a  b r e a t h  sam ple .  No a b s o r p t i o n  s i g n a l  was se en  when the  
c a rb o n  bed was h e a t e d ,  compared t o  a 2 0 % a b s o r p t i o n  s i g n a l  f o r  th e  
same volume of a i r  I n j e c t e d  w i th o u t  th e  a d s o r p t i o n  t u b e s .  Ten 
m i l l i l i t e r s  of a i r  s a t u r a t e d  w i th  m ercury  v a p o r  were i n j e c t e d  
th ro u g h  th e  a d s o r p t i o n  t u b e s .  A 6 % a b s o r p t i o n  s i g n a l  was 
g e n e r a t e d ,  compared t o  a 93% a b s o r p t i o n  s i g n a l  w i th o u t  th e  a d s o rp ­
t i o n  t u b e s .
Each a d s o r p t i o n  tu b e  was t r i e d  s e p a r a t e l y ,  w i th  th e  same 
r e s u l t s .  The tu b e s  o b v io u s ly  a d so rb e d  e le m e n ta l  m ercury  v a p o r ,  
a l t h o u g h  th e y  were r e p o r t e d  to  n o t  a d so rb  i t .  The method was 
t h e r e f o r e  u n s u i t a b l e  f o r  th e  s p e c i a t l o n  of m ercury  compounds i n  
b r e a t h .
5 . M ercury C o n c e n t r a t i o n s  i n  S a l iv a
M ercury was d e te rm in e d  i n  th e  s a l i v a  of f i f t e e n  s u b j e c t s ,  
most o f  them from th e  b r e a th - s a m p le d  p o p u l a t io n .  The two m ercury  
e xposed  s u b j e c t s  were in c lu d e d  i n  th e  sample g roup .
R e s u l t s  a r e  l i s t e d  i n  T ab le  34. The o v e r a l l  mean c o n c e n t r a ­
t i o n  was 0 .2 7  ppm Hg w i th  a s t a n d a r d  d e v i a t i o n  of 0 .1 1  and a range  
o f  0 .1 5  ** 0 .5 0  ppm Hg. The p a in t - e x p o s e d  i n d i v i d u a l  had a s a l i v a  
m ercu ry  l e v e l  o f  0 .8 0  ppm. T h is  was g r e a t e r  th a n  4o from  th e  mean 
and t h e r e f o r e  was n o t  in c lu d e d  i n  c a l c u l a t i n g  th e  mean. Her 
s a l i v a  m ercury  l e v e l  dropped  w i th  t im e ,  a s  can be seen  i n  T ab le  
33.
The fem ale  sample p o p u l a t i o n  was to o  sm a l l  to  a l lo w  s t a t i s ­
t i c a l  com parison  o f  th e  a v e ra g e  c o n c e n t r a t i o n s  of m ercury  i n  the
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Table 34
M ercury C o n c e n t r a t i o n s  i n  S a l iv a
Female Male
S u b je c t  no . ppm Hg S u b je c t  no.
1 0 .3 2  5
2a 0 .3 9  6
3 0 .3 2  7
4b 0 .8 0  8






a exposed  to  e l e m e n ta l  and o r g a n ic  m ercury
^exposed  to  m ercury  th ro u g h  i n g e s t i o n  of p a in t - s a m p le  
t a k e n  12 /14 /81
c same s u b j e c t  a s  4b— sample ta k e n  5 /5 /8 2
ppm Hg 
0 .24  
0 .1 9  
0 . 2 1  
0 .1  
0 .5  
0 .2 8  
0.21  
0 .1 5  
0 . 10  
0 .4 0
2 5 0
s a l i v a  of th e  male and fem ale  p o p u l a t i o n s .
2  pL  s a l i v a  sam ples  gave re s o n a n c e  l i n e  a b s o r p t i o n  s i g n a l s  of 
2 - 8 % w i th  no m o le c u la r  background a b s o r p t i o n .
6 . C o r r e l a t i o n  Among M ercury C o n c e n t r a t i o n s  i n  B r e a th ,  S a l iv a
and H a i r
The m ercury  i n  b o th  b r e a t h  and s a l i v a  of tw e lv e  s u b j e c t s  
were m easured in  th f  s s tu d y .  S i x t e e n  of th e  b r e a th - s a m p le d  
p o p u l a t io n  had m ercury  l e v e l s  i n  s c a l p  h a i r  d e te rm in e d  i n  a 
e a r l i e r  s tu d y ,  w hich was r e p o r t e d  i n  C h a p te r  5 of t h i s  d i s s e r t a ­
t i o n .  Nine s u b j e c t s  had d a ta  a v a i l a b l e  f o r  a l l  t h r e e  m a t r i c e s .
C o r r e l a t i o n  d iag ram s f o r  m ercury  c o n c e n t r a t i o n s  i n  t h e s e  
m a t r i c e s  a r e  g iv en  i n  F ig u r e s  4 5 -4 7 .
D. DISCUSSION
1. A dvan tages  o f  t h e  Q u a r tz  "T" A tom izer
The u se  of t h e  q u a r t z  ” T" a to m iz e r  in  th e  d e t e r m i n a t i o n  of 
m ercury  i n  b r e a t h  and s a l i v a  has  s e v e r a l  a d v a n ta g e s  ove r  o th e r  
m ethods of a n a l y s i s :
a .  I t  p e r m i t t e d  u se  o f  th e  more s e n s i t i v e  184 .9  nm 
r so n a n c e  l i n e  a s  w e l l  aB th e  more commonly used 253 .7  nm l i n e .
b .  I t  e l i m i n a t e d  th e  need  f o r  sample p r e t r e a t m e n t ,  due to  
t h e  e f f i c i e n t  o n e - s t e p  a to m iz a t io n  p r o c e s s .  A to m iz a t io n  took  
p l a c e  o u t s i d e  of th e  l i g h t  p a t h ,  so t h a t  s c a t t e r  and background 
a b s o r p t i o n  were d e c r e a s e d .
c .  M ercury from b r e a t h  sam ples  was t r a p p e d  d i r e c t l y  in  
th e  a to m iz e r ,  so t h a t  no t r a n s f e r  of t h e  t r a p p e d  sample was
CORRELATION BETWEEN MERCURY CONCENTRATION
IN BREATH AND SALIVA
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FIGURE ^ 5 : NO CORRELATION EXISTED BETWEEN MERCURY LEVELS IN BREATH AND IN SALIVA FOR A NORMAL POPULATION. 
(CORRELATION COEFFICIENT = 0 .2 M ,  EXCLUDING POINT MARKED WITH ASTERISK). RECENT EXPOSURE TO MERCURY 
THROUGH INGESTION OF MERCURY-CONTAINING PAINT (POINT MARKED WITH ASTERISK) RESULTED IN VERY HIGH LEVELS 
OF MERCURY IN BOTH BREATH AND SALIVA.
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FIGURE 1*6: NO CORRELATION EXISTED BETWEEN MERCURY LEVELS IN HAIR AND IN BREATH FOR A NORMAL POPULATION. 
(CORRELATION COEFFICIENT^ - 0 .2 9 2  , EXCLUDING POINT MARKED WITH A STERISK ). RECENT EXPOSURE TO MERCURY 
THROUGH INGESTION OF MERCURY-CONTAINING PAINT (POINT MARKED WITH ASTERISK) RESULTED IN VERY HIGH LEVELS 
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FIGURE 1*7: NO CORRELATION EXISTED BETWEEN MERCURY LEVELS IN HAIR AND IN SALIVA FOR A NORMAL POPULATION. 
(CORRELATION COEFFICIENT -  - 0 .1 1 9 ,  EXCLUDING POINT MARKED WITH ASTERISK). RECENT EXPOSURE TO MERCURY 
THROUGH INGESTION OF MERCURY-CONTAINING PAINT (POINT MARKED WITH ASTERISK) RESULTED IN VERY HIGH LEVELS 
OF MERCURY IN BOTH HAIR AND SALIVA.
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n e c e s s a r y . T h is  e l i m i n a t e d  one p o s s i b l e  so u rc e  o f  n e g a t iv e  e r r o r .
d .  Accuracy was im proved f o r  s a l i v a  a n a ly s e s  because  the  
d i r e c t  d e t e r m i n a t i o n  e l i m i n a t e d  l o s s e s  of m ercury  due to  
in c o m p le te  r e c o v e ry  from c o n c e n t r a t i o n  s t e p s .  In  a d d i t i o n ,  no 
m ercury  c o n ta m in a t io n  o c c u r r e d  from r e a g e n t s  n o rm a l ly  used  f o r  wet 
a s h in g .
e .  A ccuracy f o r  b r e a t h  and s a l i v a  a n a ly s e s  was improved 
b ecause  a l l  of th e  m ercury  which e n t e r e d  th e  a to m iz e r  was p assed  
th ro u g h  th e  l i g h t  p a th  and was d e te c te d *  No l o s s e s  such  as th o se  
due t o  v o l a t i l i z a t i o n  d u r in g  th e  d ry in g  and a s h in g  c y c le s  of 
com m erc ia l  g r a p h i t e  f u rn a c e s  o r  due to  in c o m p le te  r e d u c t io n  of 
m ercury  d u r in g  c o ld - v a p o r  a n a l y s i s  cou ld  o c c u r .
2 . A n a ly s i s  o f  B r e a th  Using t h e  1 8 4 .9  nm Resonance L ine
As can be se en  i n  F ig u re  44, th e  m ercury  a b s o r p t i o n  peak
o c c u r r e d  on th e  s h o u ld e r  of th e  m o le c u la r  background a b s o r p t i o n .
I t  I s  c l e a r  from th e  a b s o r p t i o n  t r a c e  t h a t  m ercury  was in d eed  
p r e s e n t  i n  e x p i r e d  a i r ,  b u t  i t  was n o t  known i f  any v o l a t i l e  
m ercury  compound was e l u t i n g  from th e  ca rb o n  under  th e  m o le c u la r  
a b s o r p t i o n  peak . S ince  t h e  253 .7  nm re s o n a n c e  l i n e  proved  to  have 
s u f f i c i e n t  s e n s i t i v i t y  f o r  b r e a t h  a n a l y s i s  w i th o u t  th e  prob lem s of 
m o le c u la r  a b s o r p t i o n ,  no f u r t h e r  work was done a t  184 .9  nm.
3 .  A n a ly s is  o f  B r e a th  U sing  t h e  253 .7  nm Resonance Line
The s e n s i t i v i t y  of t h e  253 .7  nm l i n e  ( d e f i n e d  as a 1% 
a b s o r p t i o n  s i g n a l )  was abou t  1 x 10~10 g Hg. T h is  was 
p e r f e c t l y  a d e q u a te  f o r  b r e a th  a n a l y s i s ,  s in c e  most b r e a t h  sam ples
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gave an a b s o r p t i o n  s i g n a l  of betw een 3% and 30% a b s o r p t i o n .  
M o le c u la r  a b s o r p t i o n ,  d e te rm in e d  by th e  a b s o r p t i o n  s i g n a l  of a 
sample m easured w i th  th e  d e u te r iu m  lamp, was n e g l i g i b l e ,  a s  can  be 
se e n  i n  F ig u re  43.
4. Range o f  M ercury C o n c e n t r a t i o n s  i n  B r e a th  o f  a "Normal" 
P o p u la t i o n
No s t u d i e s  of m ercury  c o n c e n t r a t i o n s  i n  th e  b r e a t h  of a 
norm al p o p u l a t i o n  were found i n  th e  l i t e r a t u r e .  I t  i s  not 
u n r e a s o n a b le  to  suppose t h a t  b r e a t h  i s  a means of e x c r e t i o n  of 
m ercu ry  from th e  body, i n  a manner a n a lo g o u s  t o  e x c r e t i o n  of Se 
and Te. I t  must be remembered t h a t  p o s s i b l e  s o u r c e s  of m ercury  in  
th e  sample c o l l e c t e d  in c lu d e  m ercury  v o l a t i l i z e d  from th e  lu n g ,  
m ercu ry  r e l e a s e d  from th e  s u r f a c e  of d e n t a l  amalgam f i l l i n g s  in  
t h e  m outh , m ercury  v o l a t i l i z e d  by b a c t e r i a  i n  th e  m outh , m ercu ry  
v o l a t i l i z e d  from s a l i v a  or e n t r a i n e d  i n  s a l i v a  d r o p l e t s  in  th e  
e x h a le d  b r e a t h .
The a v e ra g e  m ercury  c o n c e n t r a t i o n  i n  th e  b r e a t h  of th e  popu­
l a t i o n  sampled was found to  be 2 .65  ng Hg/L b r e a t h  o r  2 .65  
pg/m3. I t  has been e s t i m a t e d  t h a t  a p e rs o n  e x h a le s  10^ L 
b r e a th /d a y .®  T h is  would r e s u l t  in  e x c r e t i o n  of 2 6 .5  pg Hg/day 
th ro u g h  th e  b r e a t h .
A s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  betw een th e  mean c o n c e n t r a ­
t i o n s  o f  m ercury  in  b r e a t h  f o r  th e  male and fem a le  p o p u l a t i o n s  
sam pled .
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5. V a r i a t i o n s  i n  M ercury C o n c e n t r a t i o n  i n  B re a th  on Exposure  
t o  M ercury
a .  S u b je c t  1
T h is  s u b je c t  had an  av e ra g e  m ercury  l e v e l  of 1 .0  ng 
Hg/L b r e a t h  as  d e te rm in e d  by seven  a n a ly s e s  over  a p e r io d  of e ig h t  
m on ths . On two o c c a s i o n s ,  m ercu ry  l e v e l s  s i g n i f i c a n t l y  h ig h e r  
t h a n  t h i s  were found .
A f t e r  a m orning was s p e n t  i n  p r e p a r a t i o n  of e le m e n ta l  
m e rc u ry -c o p p e r  f o i l  amalgams, a v a lu e  of 8 . 6  ng Hg/L b r e a t h  was 
m easu red . Exposure  was to  Hg°, p r i m a r i l y  th ro u g h  i n h a l a t i o n ,  
a l t h o u g h  some a b s o r p t i o n  th ro u g h  th e  s k in  may have o c c u r r e d .  On 
th e  second  o c c a s io n ,  th e  s u b j e c t  had w eighed out s o l i d  CHgHgCl 
f o r  p r e p a r a t i o n  o f  s o l u t i o n s .  Exposure  was a g a in  p r i m a r i l y  
t h ro u g h  i n h a l a t i o n  of f i n e  d u s t  w i th  p o s s i b l e  m inor s k in  c o n t a c t .
A b r e a t h  sample t a k e n  a f t e r w a r d  c o n ta in e d  6 .2  ng Hg/L b r e a t h .
b .  S u b je c t  2
T h is  s u b je c t  was f i r s t  sampled on 1 2 /1 4 /8 1  and was 
found t o  have a  v e ry  h ig h  l e v e l  m ercury  i n  h e r  b r e a t h ,  2 2 .2  ng /L . 
She d id  not smoke, had had no r e c e n t  d e n t a l  work and consumed f i s h  
a b o u t  f o u r  t im es  p e r  month. She e x p la in e d  t h a t  f o r  ab o u t  one 
month p r i o r  to  th e  sam p ling  d a ta  she had been p a i n t i n g  ceram ic  
ornam en ts  and had been p o i n t i n g  th e  p a in t  b r u s h  w i th  h e r  mouth. 
Three  o f  th e  ce ram ic  p a i n t s  ( b l a c k ,  w h i t e ,  and g ra y )  w ere a n a ly z e d  
and were found t o  c o n ta in  m ercu ry .  The c h e m ica l  form o f  the  
m ercury  was n o t  known. The s u b j e c t  r e f r a i n e d  from p u t t i n g  th e
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p a i n t  b ru sh  i n  h e r  mouth from t h i s  t im e  on and e x p o su re  ended 
a b o u t  two weeks l a t e r .  The s u b j e c t ' s  b r e a t h  was m o n ito re d  f o r  two 
months and th e  m ercury  l e v e l  showed a d e c re a s e  by th e  second 
month . A sam ple ta k e n  5 months a f t e r  e x p o su re  had a l e v e l  of 5 .6  
ng Hg/L, w e l l  w i t h in  th e  "norm al"  r a n g e .
The s u b j e c t ' s  husband a l s o  had a b r e a t h  sample a n a ly z e d ,  but 
t h e  c o n c e n t r a t i o n  was found to  be w i t h in  one s t a n d a r d  d e v i a t i o n  of 
t h e  a v e ra g e  c o n c e n t r a t i o n .  I t  seem ed, t h e r e f o r e ,  t h a t  th e  h igh  
m ercury  l e v e l s  founds i n  S u b je c t  2 ' s  b r e a t h  were due to  h e r  p a in t  
ex p o su re  and no t to  an e x p o su re  common to  h e r  and h e r  s p o u s e ,
e . g . ,  d i e t ,  r e s i d e n c e ,  e t c .  M oreover, s a l i v a  sam ples from S u b je c t  
2  and h e r  husband showed t h a t  she had th e  h i g h e s t  m ercury  concen­
t r a t i o n  of th e  p o p u la t io n  sam pled , w h i le  h i s  v a lu e  was w i t h in  2 a 
o f  t h e  'norm al mean.
6 . A ttem pt a t  S p e c i a t i o n  o f  M ercury i n  B r e a th
The c h em ica l  form of m ercury  in  th e  b r e a th  was n o t  known. 
P re v io u s  s t u d i e s  of a n im a ls  and man i n d i c a t e d  t h a t  m ercury  can be 
e x h a le d  a s  Hg° and ( C ^ ^ H g ,  b u t  t h e s e  s t u d i e s  were done 
a f t e r  d e l i b e r a t e  e x p o su re  t o  m ercu ry .  The c h em ica l  form of a t  
l e a s t  some e x h a le d  m ercury  was th e  same as  th e  c h e m ica l  form to  
w hich  th e  s u b je c t  was exp o sed .
S ince  s e v e r a l  e le m e n ts  can be v o l a t i l i z e d  th ro u g h  th e  lu ngs  
a s  d im e th y l  compounds ( e . g . ,  (C H ^ ^ S e ,  ( C H j ^ T e ) ,  
d im e th y lm erc u ry  i s  a  p o s s i b l e  form o f  e x h a le d  m ercu ry .  E le m e n ta l  
m ercu ry  i s  a l s o  a p o s s i b l e  form  of e x h a le d  m ercu ry  and may a l s o  be
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p r e s e n t  i n  b r e a t h  due to  amalgam d e n t a l  f i l l i n g s .
I t  i s  o'~ g r e a t  i n t e r e s t  to  n o te  t h a t  r e s e a r c h e r s  have found 
m e rc a p ta n s  and d i m e t h y l s u l f i d e  i n  b r e a t h . ^36>237 These a re  
assumed to  be m e ta b o l i c  p r o d u c t s  from s u l f u r - c o n t a i n i n g  amino 
a c i d s .  The m ob ile  forms of m ercury  i n  v iv o  a r e  th o u g h t  to  be 
m e r c u r y - g lu t h a th i o n e  and m e r c u r y - c y s te in e  com pounds .238,239 
I t  i s  p o s s i b l e  t h a t  m ercury  may be v o l a t i l i z e d  as a m e r c u r y - s u l f u r  
compound.
An a t t e m p t  was made to  use  a s p e c i a t i o n  t e c h n iq u e  r e p o r t e d  in  
th e  l i t e r a t u r e ^ ^  w hich  had s e p a r a t e d  HgCl2 * C ^ H g C l ,  Hg° 
and (CH3 ) 2 Hg i n  a i r  by s e l e c t i v e  a d s o r p t i o n .  The f i r s t  two 
a d s o r p t i o n  tu b e s  i n  th e  sam p ling  t r a i n  were r e p o r t e d  n o t  to  a d s o rb  
Hg° o r  (CH3 ) 2 Hg. A c c o r d in g ly ,  i f  th e  o n ly  ch e m ica l  forms 
o f  m ercury  i n  b r e a t h  were Hg° a n d /o r  (CH3 ) 2  a b s o r p t i o n
s i g n a l  from b r e a t h  sh o u ld  be unchanged on p a s s in g  th ro u g h  th e s e  
a d s o r p t i o n  t u b e s .
Both t u b e s ,  one c o n ta i n in g  H C l - t r e a t e d  S E -3 0 -c o a te d  Chromo- 
s o rb  W and th e  o t h e r ,  N aO H -trea ted  Chromosorb W, were p la c e d  in  
s e r i e s  i n  th e  Tygon tu b in g  l e a d in g  to  t h e  a to m iz e r .  However, no 
a b s o r p t i o n  s i g n a l  was seen  upon i n j e c t i o n  of a i r  s a t u r a t e d  w i th  
m ercu ry  v a p o r  i n t o  t h e  s p e c i a t i o n  t r a i n .  Complete a d s o r p t i o n  of
as  much as  100 ng Hg by th e  tu b e s  o c c u r r e d  d e s p i t e  th e  r e p o r t  t h a t
t h e s e  m a t e r i a l s  d id  no t a d s o rb  Hg°. Each tube  was a l s o  t r i e d
s e p a r a t e l y  and com ple te  a d s o r p t i o n  o f  th e  i n j e c t e d  Hg° was seen
f o r  e a c h .  T h e r e f o r e ,  s p e c i a t i o n  of m ercury  i n  b r e a t h  was no t
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p o s s i b l e  u s in g  t h i s  t e c h n i q u e •
7. Range o f  M ercury C o n c e n t r a t i o n s  i n  S a l iv a
Very l i t t l e  work has been done on m ercury  l e v e l s  i n  
s a l i v a ,  e s p e c i a l l y  i n  a norm al p o p u l a t i o n .  I n  th e  s tu d y  by 
J o se lo w  e t  a l . , ^ 3 1  l e s s  th a n  0 .005  ppm Hg was found i n  th e  
s a l i v a  of n o n - o c c u p a t i o n a l l y  exposed  s u b j e c t s ,  bu t  i n  t h i s  case  
s a l i v a  was c o l l e c t e d  from th e  p a r o t i d  g land  w i th  a s u c t i o n  d e v ic e ,  
so t h a t  s a l i v a  d id  n o t  c o n ta c t  th e  r e s t  of th e  mouth.
The a v e ra g e  m ercury l e v e l  found i n  s a l i v a  i n  t h i s  s tu d y  was
0 .2 7  ppm. T h is  v a lu e  i s  s i g n i f i c a n t l y  h ig h e r  th a n  t h a t  r e p o r t e d  
by Jo s e lo w  e t  a l . ^ 3 1  The h ig h e r  v a lu e  c o u ld  be th e  r e s u l t  of 
t h e  im proved a c c u ra c y  of our  d i r e c t  d e t e r m i n a t i o n .  I t  cou ld  a l s o  
r e s u l t  from i n c r e a s e d  m ercury  c o n c e n t r a t i o n  i n  whole s a l i v a  
t h ro u g h  c o n ta c t  w i th  amalgam f i l l i n g s  and b a c t e r i a  i n  th e  mouth. 
A l l  o f  th e  s u b j e c t s  had some amalgam f i l l i n g s  but th e  e x a c t  number 
was no t a s c e r t a i n e d .
The s a l i v a  m ercu ry  l e v e l  of th e  p a in t - e x p o s e d  i n d i v i d u a l  was 
g r e a t e r  th a n  4o from  th e  mean of th e  norm al p o p u l a t i o n .  I t  was 
e v id e n t  t h a t  s a l i v a  m ercury  l e v e l s  d id  r e f l e c t  r e c e n t  m ercury  
e x p o s u re ,  c o n f i rm in g  th e  r e p o r t s  o f  Jo se lo w  e t  a l . ^ 3 1  an(j 
S t o f f o r d . ^ 2 0  xhe m ercury  l e v e l  i n  h e r  s a l i v a  d e c re a s e d  to  
norm al l e v e l s  over  a s ix -m o n th  p e r io d  f o l lo w in g  th e  l a s t  e x p o s u re .  
The o t h e r  fem ale  w i th  th e  two h ig h  m ercury  v a lu e s  i n  b r e a th  had a 
m ercury  l e v e l  i n  s a l i v a  of 0 .3 9  ppm, w e l l  w i t h in  2a o f  th e  mean. 
Her b r e a t h  was m easured  a t  t h e  same t im e  th e  s a l i v a  sample was
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t a k e n  and was found to  have no d e t e c t a b l e  m ercu ry .
8 . C o r r e l a t i o n  o f  M ercury L e v e ls  i n  B r e a th ,  S a l iv a  and S ca lp
H a ir
As can be seen  i n  F ig u r e s  4 5 -4 7 ,  no c o r r e l a t i o n  e x i s t e d  
among m ercury  l e v e l s  i n  b r e a t h ,  s a l i v a  and s c a l p  h a i r  f o r  a normal 
p o p u l a t i o n .  In  l i g h t  of th e  f i n d i n g s  o f  J o se lo w  e t  a l . ^ 3 1  
t h a t  m ercury  l e v e l s  i n  s a l i v a  a p p e a re d  to  r e f l e c t  m ercury  l e v e l s  
i n  b lo o d ,  i t  i s  somewhat s u r p r i s i n g  t h a t  t h e r e  i s  no c o r r e l a t i o n  
betw een  m ercury  l e v e l s  in  s a l i v a  and i n  b r e a t h .  B re a th  sh ou ld  
r e f l e c t  m ercury  l e v e l s  In  b lood  i f  Hg^+ i s  th e  m ajor  form of 
m ercu ry  i n  b lood  and and e q u i l i b r i u m  betw een Hg^+ a nd Hg° i s  
p r e s e n t  in  b lo o d .  T h e r e f o r e ,  m ercu ry  i n  b r e a th  s h o u ld  be c o r r e ­
l a t e d  w i t h  m ercury  i n  s a l i v a .  I t  i s  p o s s i b l e  (and  p r o b a b le )  t h a t  
m ercu ry  does  n o t  e x i s t  a s  Hg^+ i n  th e  b lo o d ,  b u t  as  a complex 
w i th  g l u t a t h i o n e  or c y s t e i n e .  I t  i s  a l s o  p o s s i b l e  t h a t  th e  major 
p a r t  o f  m ercu ry  i n  b r e a t h  does  n o t  come from th e  l u n g s ,  bu t from 
amalgam f i l l i n g s  In  th e  mouth.
A d e f i n i t e  c o r r e l a t i o n  e x i s t s  f o r  m ercury  l e v e l s  In  a l l  t h r e e  
m a t r i c e s  f o r  r e c e n t  m ercury  e x p o s u re .  The p a in t - e x p o s e d  i n d i v i ­
d u a l  had th e  h i g h e s t  l e v e l s  i n  b r e a t h ,  s a l i v a  and s c a l p  h a i r  of 
a l l  s u b j e c t s  su rv e y e d .  The b r e a t h  and s a l i v a  l e v e l s  b o th  dropped 
back t o  "norm al"  w i t h i n  s i x  months o f  th e  l a s t  e x p o s u re .
9 .  D a i ly  E x c r e t io n  o f  M ercury from  th e  Body
From th e  d a ta  ac cu m u la te d  i n  th e  s t u d i e s  r e p o r t e d  i n  t h i s  
d i s s e r t a t i o n ,  i t  was p o s s i b l e  to  e s t i m a t e  th e  d a l l y  e x c r e t i o n  of
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mercury from the body. The average concentrations of mercury in
u r i n e ,  s w e a t ,  h a i r  and b r e a t h  can  be m u l t i p l i e d  by th e  amount of
e a c h  m a t r ix  e x c r e t e d  p e r  day to  o b t a i n  th e  t o t a l  amount e x c r e t e d ,  
a s  f o l l o w s :
U r in e :  1 .3  ppm Hg x 1 .5  L /day  = 2 mg Hg/day
Sw eat: 0 .5  ppm Hg x 3 .0  L/day = 1 .5  mg Hg/day
H a i r :  1 .3  x  10” ^ mg/m x 40 m /day = 0 .5  pg Hg/day
B r e a th :  2 .65  g Hg/m-* x 10 m^/day "  2 6 .5  pg Hg/day
The t o t a l  amount o f  m ercury  e x c r e t e d  p e r  day can t h e r e f o r e  be 
e s t i m a t e d  t o  be th e  sum of th e  above f i g u r e s ,  3 .5 3  mg H g/day . 
E x c r e t io n  th ro u g h  s a l i v a  was n o t  in c lu d e d  i n  t h e s e  c a l c u l a t i o n s ,  
b e c au se  most s a l i v a  was resw allow ed  and th e  m ercury  r e a b s o r b e d .
I t  was e v id e n t  from  th e  d a ta  o b ta in e d  i n  t h e s e  s t u d i e s  t h a t  
u r i n e  and sweat were e q u a l l y  im p o r ta n t  r o u t e s  o f  e x c r e t i o n  w h ile  
b r e a t h  and h a i r  p la y e d  minor r o l e s .  O ther  modes of e l i m i n a t i o n  
w hich  were not i n v e s t i g a t e d  i n  t h e s e  s t u d i e s  were f a c e s  (m a jo r  
r o u t e  of e x c r e t i o n )  and n a i l  t i s s u e ,  e x f o l i a t e d  s k i n ,  t e a r s ,  and 
m ilk  (m inor r o u t e s  of e x c r e t i o n ) .
The e s t im a te d  amount of m ercury  e x c r e t e d  d a i l y ,  3 . 5 3  mg, 
e xceeded  th e  l i t e r a t u r e  e s t i m a t e s  of d a i l y  m ercury  i n t a k e ,  50 pg 
H g . 2 , 1 0  T h is  was n o t  s u r p r i s i n g .  Much of th e  d a ta  on m ercury  
c o n c e n t r a t i o n s  i n  food were o b t a in e d  by g r a v i m e t r i c  m ethods i n  the  
1940*s2»10 and were most p r o b a b ly  to o  low. S in ce  th e  l e v e l s
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o f  m ercu ry  found i n  w a te r  and b i o l o g i c a l  sam ples  i n  t h i s  s tu d y  
were a b o u t  1 0 ^ h ig h e r  th a n  l i t e r a t u r e  v a l u e s ,  i t  was r e a s o n ­
a b le  t o  assume t h a t  t o t a l  i n t a k e  of Hg i s  abou t 50 pg Hg x 102 
p e r  d a y ,  o r  5 mg H g/day . T h is  would i n d i c a t e  t h a t  e x c r e t i o n  and 
i n t a k e  a r e  of th e  same o rd e r  of m a g n i tu d e ,  which would s u p p o r t  the  
r e p o r t e d  v a l u e s ^ » 1 0  f o r  th e  h a l f - l i f e  o f  m ercury  i n  th e  human 
body of 58-190 d a y s . -*-2-20 
E. CONCLUSIONS AND SUMMARY
a .  The use of th e  q u a r t z  T a to m iz e r  f o r  a tom ic  a b s o r p t io n  
s p e c t r o s c o p y  e n a b le d  th e  deve lopm ent of a s im p le ,  s e n s i t i v e ,  
e f f e c t i v e  method f o r  th e  d e t e r m i n a t i o n  o f  m ercury  i n  b r e a t h  and 
s a l i v a .
b .  The a v e ra g e  m ercury  c o n c e n t r a t i o n  i n  th e  b r e a t h  of a
norm al a d u l t  p o p u l a t io n  was found  to  be 2 .65  pg/m^ b r e a t h .
c .  The a v e ra g e  m ercury  c o n c e n t r a t i o n  i n  th e  s a l i v a  o f  a
norm al a d u l t  p o p u l a t io n  was found t o  be 0 .2 7  ppm Hg.
d .  B re a th  and s a l i v a  were shown to  r e f l e c t  r e c e n t  e x p o su re  to  
s e v e r a l  c h e m ica l  forms of m erc u ry .  T h e r e f o r e ,  b o th  m a t r i c e s  can 
s e r v e  a s  b i o l o g i c a l  i n d i c a t o r s  o f  m ercury  e x p o s u re .
e .  No c o r r e l a t i o n  was found among m ercury  l e v e l s  i n  b r e a t h ,  
s a l i v a  and s c a l p  h a i r  f o r  a norm al p o p u l a t i o n .  A d e f i n i t e  c o r r e ­
l a t i o n  a p p e a re d  to  e x i s t  among m ercury  l e v e l s  i n  a l l  t h r e e  
m a t r i c e s  f o r  r e c e n t  m ercury  e x p o s u re .
f .  A p p ro x im a te ly  3 .5 3  mg H g/day was e x c r e t e d  by th e  body i n  
u r i n e ,  s w e a t ,  h a i r  and b r e a t h .
PART II
SPECIATION OF MERCURY COMPOUNDS
CHAPTER 7
SPECIATION OF MERCURY COMPOUNDS BY DIFFERENTIAL VOLATILIZATION- 
ATOMIC ABSORPTION SPECTROSCOPY
A. INTRODUCTION
The t o x i c i t y  o f  m ercu ry  depends  on bo th  i t s  c o n c e n t r a t i o n  and 
c h e m ica l  form . The ch e m ica l  form of m ercury  i n  th e  body c o n t r o l s  
i t s  a b s o r p t i o n ,  t r a n s p o r t ,  r e t e n t i o n  and e x c r e t i o n .  In  o r d e r  to  
e l u c i d a t e  t h e  m e ta b o l i c  pathw ays fo l lo w e d  by m ercury  i n  th e  body, 
i t  i s  n e c e s s a r y  to  be a b le  to  I d e n t i f y  m ercu ry  compounds a t  t r a c e  
l e v e l s  i n  complex b i o l o g i c a l  m a t r i c e s .
1. C u r r e n t  Methods f o r  M ercury S p e c i a t i o n
Many p ro c e d u re s  f o r  m e ta l  s p e c i a t i o n  in v o lv e d  a s e p a r a t i o n  
s t e p  u s in g  a c h ro m a to g ra p h ic  or s o lv e n t  e x t r a c t i o n  t e c h -  
n iq u e2 4 0  f o l lo w e d  by d e t e r m i n a t i o n  o f  t h e  m e ta l  c o n te n t  of 
e a c h  f r a c t i o n .
The a p p l i c a t i o n  o f  c h ro m a to g ra p h ic  t e c h n iq u e s  to  th e  
s p e c i a t i o n  of m ercury  compounds has  been rev iew ed  by 
F i s h b e in .^ O * ^ !  E very  im a g in a b le  c h ro m a to g ra p h ic  t e c h n iq u e  has 
been  used  f o r  m ercury  s p e c i a t i o n :  gas  ch ro m a to g rap h y ,  t h i n - l a y e r
ch ro m a to g ra p h y ,  p a p e r  ch ro m a to g ra p h y ,  l i q u i d  c h ro m a to g ra p h y ,  
io n -e x c h a n g e  ch ro m a to g rap h y ,  g e l  f i l t r a t i o n ,  e l e c t r o p h o r e s i s  and 
o t h e r s .  These t e c h n iq u e s  have met w i th  v a r y in g  d e g re e s  of su c c e s s  




Gas ch rom atography  (GC) w i th  an e l e c t r o n  c a p tu r e  d e t e c t o r  
(GC-ECD) was th e  most common method f o r  s p e c i a t i o n  of m ercury  i n  
b i o l o g i c a l  and e n v i ro n m e n ta l  s a m p le s .^  Many v a r i a t i o n s  on th e  
t e c h n iq u e  have a p p e a re d  s in c e  t h e  o r i g i n a l  work by 
Westoo,^*»®3»84 ku t  th e  g e n e r a l  p ro c e d u re  was as f o l l o w s .  
H y d r o c h lo r i c  a c id  was added  t o  homogenized sa m p les .  The 
a lk y l m e r c u r i c  c h l o r i d e s  were l i b e r a t e d  and e x t r a c t e d  i n t o  b en zen e .  
The benzene was b a c k - e x t r a c t e d  w i th  w a te r  c o n ta i n in g  c y s t e i n e  to  
form an aqueous m e r c u r y - c y s te in e  com plex. The aqueous l a y e r  was 
a g a in ,  a c i d i f i e d  w i th  HC1 and r e - e x t r a c t e d  w i th  benzene . The 
benzene l a y e r  was s u b m i t te d  to  gas  ch rom atography  and th e  c h l o r i d e  
a t t a c h e d  to  th e  a lk y l m e r c u r i c  m o ie ty  was d e t e c t e d  w i th  an e l e c t r o n  
c a p tu r e  d e t e c t o r .
Mushak, Z a rn eg a r  and c o w o r k e r s * 1 9 , 2 4 1  d e te rm in e d  
i n o r g a n i c  m ercury  i n  w a t e r ,  b lo o d ,  u r i n e  and t i s s u e s  by gas 
ch rom atog raphy  w i th  an e l e c t r o n  c a p tu r e  d e t e c t o r .  The in o r g a n ic  
m ercury  was c o n v e r te d  c h e m ic a l ly  t o  a l k y l  or a r y l  m ercury  
compounds and t r e a t e d  a s  d e s c r i b e d  above . Cappon and S m i t h ^ l  
d e v e lo p e d  a  GC p ro c e d u re  f o r  th e  d e t e r m i n a t i o n  of o r g a n ic  and 
i n o r g a n i c  m ercury  i n  b i o l o g i c a l  m a t r i c e s  by f i r s t  e x t r a c t i n g  th e  
o rganom ercury  compounds a s  d e s c r i b e d  above and th e n  m e th y la t in g  
t h e  u n e x t r a c t e d  in o r g a n i c  m ercury  w i th  t e t r a m e t h y l  t i n .
S u b s t o i c h i o m e t r i c  i s o t o p e  d i l u t i o n  has  been used  t o  d e te rm in e  
t o t a l  m ercury  and m ethy lm ercu ry  i n  d i g e s t e d  h a i r  s a m p l e s .242 
I s o to p e  exchange methods have been used  to  d e te rm in e  in o r g a n ic
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m ercury  i n  th e  p r e s e n c e  of o r g a n ic  m ercury  i n  b i o l o g i c a l s . 243
C oupled  c h ro m a to g ra p h y -a to m ic  s p e c t r o s c o p y  t e c h n iq u e s  have 
been  used  to  s p e c i a t e  m ercury  compounds. These had an a d v a n ta g e  
ov e r  GC-ECD t e c h n iq u e s  i n  t h a t  th e  d e t e c t o r  ( a to m ic  a b s o r p t i o n ,  
a to m ic  e m is s io n ,  a to m ic  f lu o r e s c e n c e  s p e c t r o m e te r )  was s p e c i f i c  
f o r  m erc u ry ,  u n l ik e  t h e  ECD w hich d e t e c t e d  th e  h a l i d e  a n io n  of 
a lk y l m e r c u r i c  h a l i d e s .  Gonzalez and R o s s ^ ^  and Long- 
bo ttom ^^^  u s e d QC-AAS t o  s e p a r a t e  m ercury  compounds. The GC 
e f f l u e n t  was burned  and th e  m ercury  v a p o r  p u l l e d  th ro u g h  a CV-AAS 
sy s te m . Ion  exchange-AAS h a s  been used  t o  s p e c i a t e  m ercury  i n  
w a te r  a t  th e  ppb l e v e l . ^46
S p e c i a t i o n  o f  v o l a t i l e  m ercury  compounds and e le m e n ta l  
m ercury  v a p o r  i n  a i r  has  been  a c co m p lish e d  th ro u g h  th e  use of 
s e l e c t i v e  a d s o r p t i o n  tu b e s  and AAS.^47 a s am p ling  t r a i n  
c o n s i s t i n g  of a f i l t e r ,  two d i f f e r e n t  GC p a c k in g  m a t e r i a l s ,  
s i l v e r - c o a t e d  beads and g o l d - c o a t e d  beads was used  s e l e c t i v e l y  to  
r e t a i n  m ercury  compounds. The a d s o r p t i o n  tu b e s  were th e n  h e a te d  
t o  r e l e a s e  th e  m ercury  and th e  vapo r  was p u l l e d  th ro u g h  a CV-AAS 
s y s te m .
A number of r e s e a r c h e r s  have pe rfo rm ed  s e l e c t i v e  AAS u s in g  
v a r i a t i o n s  o f  th e  CV-AAS t e c h n i q u e . * 5 6 ,1 6 1 ,1 8 8 ,2 4 8 ,2 4 9  These 
v a r i a t i o n s  c o n s i s t e d  o f  changes  i n  th e  r e d u c in g  c o n d i t i o n s  to  
a l lo w  d i f f e r e n t  form s o f  m ercu ry  t o  be r e l e a s e d  from s o l u t i o n .
These t e c h n iq u e s  i n e v i t a b l y  r e q u i r e d  e l a b o r a t e  c h em ica l  p r e ­
t r e a tm e n t  o f  th e  sam ple :  d i g e s t i o n ,  s e p a r a t i o n ,  c l e a n - u p ,  and
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c o n c e n t r a t i o n  s t e p s  were n e c e s s a ry  i n  most of t h e s e  m ethods . Th is  
p r e t r e a t m e n t  can cause  c o n ta m in a t io n  of th e  sam p le ,  l o s s  of th e  
a n a l y t e s  and changes i n  th e  c h e m ic a l  n a tu r e  of th e  s p e c i e s  p r e s e n t .  
In d e e d ,  most m ethods of " s p e c i a t i o n "  o f  i n o r g a n i c  and o r g a n ic  
m ercury  by GC and AAS m ere ly  d i f f e r e n t i a t e d  betw een Hg^+ and 
RHg+ b ecause  th e  d i g e s t i o n  p ro c e d u re  which was used  caused  
RHg"*", which was o r i g i n a l l y  bound t o  some c o n s t i t u e n t  in  the  
b i o l o g i c a l  m a t e r i a l ,  t o  form RHgX (X = h a l i d e  i o n ) . 250 These 
m ethods d id  no t i d e n t i f y  th e  e x a c t  ch e m ica l  form of bound 
m e r c u r i a l s .  Loss of v o l a t i l e  m ercury  compounds d u r in g  sample 
h a n d l in g  and s to r a g e  can l e a d  t o  s u b s t a n t i a l  e r r o r s .
The developm ent of a d i r e c t  s p e c t r o s c o p i c  method w hich would 
a c c o m p lish  b o th  s e p a r a t i o n  and d e t e c t i o n  of m ercury  compounds 
would c irc u m v e n t  th e  problem s e n c o u n te re d  i n  sample p r e t r e a t m e n t .
2. D i f f e r e n t i a l  V o l a t i l i z a t i o n  Theory
I t  was w ell-know n t h a t  a to m ic  a b s o r p t i o n  and a tom ic  
e m is s io n  s p e c t r o s c o p y  were s u b j e c t  to  c h e m ica l  i n t e r f e r e n c e ,  i . e . ,  
d i f f e r e n c e s  i n  v o l a t i l i z a t i o n  t e m p e r a tu r e s  and a to m iz a t io n  
e f f i c i e n c y  f o r  d i f f e r e n t  combined forms o f  an  e le m e n t .  V o l a t i l i ­
z a t i o n  b e h a v io r  can be c l a s s i f i e d  i n  t h r e e  c a t a g o r i e s :
a .  C ongruen t  e v a p o r a t i o n  of a m o le c u la r  e n t i t y  a t  T j ,  
e . g . ,
PbCl 2 ( l )  PbCl2 ( g )  (9 )
b .  C ongruen t  e v a p o r a t io n  w i th  d i s s o c i a t i o n  a t  T2 , e . g .
2CdO(s) 2Cd(g) + 0 2 (g )  (10)
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c .  In c o n g ru e n t  e v a p o r a t i o n ,  e . g .
CdC03 ( s )  CdO(s) + C 0 2 (g )  a t  T 3  (11 )  
f o l lo w e d  by
2CdO(s) 2Cd(g) +  0 2  a t  T 4  (12 )
w here T 3  _< T4 . The v o l a t i l i z a t i o n  t e m p e ra tu re  ( T ^ .T j ,T ^ ,T ^ )  
o r  a p p e a ra n c e  te m p e ra tu re  was d e te rm in e d  b o th  by therm odynam ic 
p r o p e r t i e s  such  as  vapo r  p r e s s u r e ,  phase  t r a n s i t i o n  t e m p e ra tu re  
and d e c o m p o s i t io n  t e m p e ra tu re  and by th e  k i n e t i c s  of v a p o r i z a t i o n  
and mass t r a n s f e r .
I t  h a s  long  been th e  g o a l  of a n a l y t i c a l  c h e m is ts  to  e l i m i n a t e  
t h e s e  d i f f e r e n c e s  i n  v o l a t i l i z a t i o n ,  e i t h e r  by com plex ing  th e  
m e ta l  so  t h a t  a l l  atoms a r e  i n  t h e  same c h em ica l  form or by 
a d j u s t i n g  th e  a to m iz e r  d e s ig n  or c o n d i t i o n s  such  t h a t  a l l  s p e c i e s  
would be a tom ized  w i th  e q u a l  e f f i c i e n c y .  I t  seem ed, how ever, t h a t  
th e  e x i s t e n c e  of t h e s e  c h e m ic a l  i n t e r f e r e n c e s  c o u ld  p ro v id e  a 
means f o r  i d e n t i f y i n g  v a r i o u s  c h e m ic a l  forms by t a k i n g  a d v a n ta g e  
o f  d i f f e r e n c e s  i n  v o l a t i l i z a t i o n  t e m p e r a tu r e .
The t e c h n iq u e  r e q u i r e d  a v a r i a b l e - t e m p e r a t u r e  f i r s t  s t a g e  f o r  
v o l a t i l i z a t i o n  of m e ta l  compounds a t  t h e i r  v a p o r i z a t i o n  
t e m p e r a t u r e ,  a second  s t a g e  c a p a b le  of a to m iz in g  compounds 
v o l a t i l i z e d  from th e  f i r s t  s t a g e  and an a tom ic  s p e c t r o s c o p y  system  
f o r  d e t e c t i o n .
V a p o r iz a t i o n  o f  pu re  compounds i n t o  an  a rg o n  m icrow ave- 
in d u c e d  plasm a was used  by H a n a m u r a ^ l  t o  show th e  f e a s i b i l i t y  
o f  th e  t e c h n i q u e .  Bauer and Natush^® u se d  a te m p e ra tu re - :
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programmed f u rn a c e  and a he lium  microwave induced  plasma to  
s p e c i a t e  pure  s o l i d  Cd, Hg, Pb , and Zn s a l t s .  R obinson  and 
R hodes^52 u s e d a d u a l  s t a g e  ca rbon  a to m iz e r  to  s p e c i a t e  Cd and 
Pb compounds by a tom ic  a b s o r p t i o n  s p e c t r o s c o p y .  Robinson  and 
W eiss^53 d e m o n s t ra te d  th e  a b i l i t y  to  s p e c i a t e  Pb and Cd 
compounds i n  aqueous s o l u t i o n  and i n  b i o l o g i c a l  f l u i d s  by a tom ic  
a b s o r p t i o n  s p e c t r o s c o p y  em ploy ing  a v a r i a b l e  t e m p e ra tu re  p la t in u m  
loop  as  a f i r s t  s t a g e  and an i n d u c t i v e l y  h e a te d  ca rbon  bed 
a to m iz e r ,  t h e  q u a r t z  " T " ,  a s  th e  second s t a g e .
For th e  i n i t i a l  e x p e r im e n ta t i o n  w ith  such  a t e c h n iq u e  f o r  
m ercury  s p e c i a t i o n ,  i t  was d e c id e d  t o  use a w ire  loop  as  th e  f i r s t  
s t a g e  of t h e  sy s te m . Such an a p p a r a tu s  had been used  b e fo re  
w i th  th e  q u a r t z  "T" a to m iz e r ,  w hich would s e rv e  as  th e  second 
s t a g e .  A h e a t  s t a b l e  and i n e r t  (n o n -a m a lg a m a tin g )  m e ta l  was 
n e c e s s a r y  f o r  f a b r i c a t i o n  of th e  w ire  lo o p .  P la t in u m  was th e  
m a t e r i a l  ch o sen .
3. The Use o f  Wire Loops i n  AAS
E l e c t r i c a l l y  h e a te d  w ire  lo ops  have been used  as  a to m iz e r s  
f o r  a tom ic  s p e c t r o s c o p y  by a number of r e s e a r c h e r s .  Wire lo ops  
made of t u n g s t e n  and of p l a t i n u r a ^ ^  a nd of p la t in u m -rh o d iu m  
a l lo y ^ 5 5  have been s u g g e s te d  f o r  use  a s  a to m iz e r s  f o r  a tom ic  
f l u o r e s c e n c e  s p e c t r o s c o p y .  Wire f i l a m e n t s  have been used  to  
p r e c o n c e n t r a t e  m e ta ls  from u r in e  p r i o r  t o  a t o m i z a t i o n . ^56 
T u n g s ten  and t u n g s t e n  a l l o y  w ire  lo o p s  have been  employed as 
a to m iz e r s  f o r  a tom ic  a b s o r p t i o n  s p e c t r o s c o p y , 257-259 a s  have
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p la t in u m  loop  a t o m i z e r s . 1 2 5 ,253 ,260  th e s e  s t u d i e s ,  sam ples 
were p i p e t t e d  o n to ,  o r  e l e c t r o l y t i c a l l y  d e p o s i t e d  o n to  th e  w i r e .  
The lo o p s  were th e n  p o s i t i o n e d  i n  th e  o p t i c a l  p a th  of th e  
s p e c t r o m e te r  and a v o l t a g e ,  u s u a l l y  i n  th e  form o f  a l i n e a r  ramp, 
was a p p l i e d  t o  h e a t  th e  lo o p .  A b s o r p t io n ,  e m is s io n  or 
f l u o r e s c e n c e  was m o n ito re d  as a f u n c t i o n  of v o l t a g e .  The main use 
o f  t h e s e  d e v ic e s  was to  s e p a r a t e  th e  a n a ly t e  peak from th e  m a t r ix  
p e a k ,  n o t  t o  s p e c i a t e  m e t a l - c o n t a i n i n g  compounds.
In  th e  s tu d y  d e s c r i b e d  in  t h i s  d i s s e r t a t i o n  a p la t in u m  loop 
has  been used  f o r  b o th  sample i n t r o d u c t i o n  and sample v o l a t i l i z a ­
t i o n .  The a p p a r a tu s  was q u i t e  u n r e f i n e d  and was d e s ig n e d  s im ply  
t o  d e m o n s t ra te  th e  p o t e n t i a l  of th e  t e c h n iq u e  in  d i s t i n g u i s h i n g  
betw een m ercury  s p e c i e s .  The s tu d y  was q u a l i t a t i v e  r a t h e r  th a n  
q u a n t i t a t i v e  and s e rv e d  a s  an i n d i c a t i o n  of th e  ty p e  of in fo rm a ­
t i o n  which cou ld  be o b t a in e d  by such  a t e c h n i q u e .  I n  a d d i t i o n  to  
t h e  p la t in u m  lo o p  sy s te m , s p e c i a t i o n  of m ercury  compounds by 
c o n v e c t iv e  h e a t i n g  of a g l a s s  c o i l  p o s i t i o n e d  over  th e  q u a r t z  "T" 
a to m iz e r  was i n v e s t i g a t e d .
B. EXPERIMENTAL
1. Equipment
The components of th e  a to m ic  a b s o r p t i o n  s p e c t r o m e te r  were 
t h e  same as  d e s c r i b e d  in  C h a p te r  1. The to p  o f  t h e  q u a r t z  *'T" 
a to m iz e r  was f i t t e d  w i th  e i t h e r  th e  p la t in u m  loop  a p p a r a tu s  
( F ig u r e  48) o r  th e  g l a s s  rod  (F ig u re  49) f o r  t h e s e  s t u d i e s .
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Pt  LOOP A TO MI Z E R
FIGURE 48: DIAGRAM OF THE PLATINUM LOOP APPARATUS FOR THE SELECTIVE 
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FIGURE U9; DUGRAM OF THE GLASS ROD VOLATILIZATION STAGE SHOWN IN 
PLACE IN THE QUARTZ "T " ATOMIZER.
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a .  P la t in u m  lo o p  a p p a r a t u s ; a loop  of p la t in u m  w ire  
(0 .0 0 5  in c h  d ia m e te r )  was sp o t  welded t o  n ichrom e w ire  l e a d s  which 
had been th re a d e d  th ro u g h  a ce ra m ic  tu b e  f o r  I n s u l a t i o n .  Th is  
a ssem bly  was h e ld  a p p ro x im a te ly  3 cm above th e  s u r f a c e  of th e  
c a rb o n  bed by means o f  a ru b b e r  s to p p e r  which f i t t e d  i n t o  th e  
o p e n in g  o f  th e  s t a i n l e s s  s t e e l  a to m iz e r  head . The s to p p e r  a l s o  
h e ld  a c a p i l l a r y  q u a r t z  tube  which e x te n d e d  to  th e  ca rbon  bed 
s u r f a c e  and a q u a r t z  tu b e  w hich e x te n d e d  o n ly  0 .5  cm below th e  
s t o p p e r .  The c a p i l l a r y  tu b e  was open to  th e  a i r  and s e rv e d  t o  
i n t r o d u c e  oxygen below th e  sample a t  t h e  l e v e l  of t h e  c a rb o n  bed. 
T h is  oxygen was n e c e s s a r y  f o r  e f f i c i e n t  a to m iz a t io n  i n  th e  bed.
The p o in t  of e n t r y  a v o id e d  b u rn in g  th e  sample on th e  w ire  lo o p .
The s h o r t e r  i n l e t  tu b e  was c o n n e c te d  t o  s c ru b b e d  n i t r o g e n  gas and 
p ro v id e d  an i n e r t  a tm osphe re  a round  th e  w ire  lo o p .  V o l tag e  was 
s u p p l i e d  by a V a r ia c  (Type V5) c o n n e c te d  to  a 5 v o l t  s tep -dow n  
f i l a m e n t  t r a n s f o r m e r  ( S ta n c o r  No. P -6 4 3 2 ) .  A s c h e m a tic  d iagram  
o f  th e  w ire  loop  c i r c u i t  i s  shown i n  F ig u re  50.
A l a t e r  m o d i f i c a t i o n  was made t o  th e  Pt loop  sy s tem  when i t  
became a p p a re n t  t h a t  t h e  t e m p e r a tu r e  c o n t r o l  w i t h i n  th e  a to m iz e r  
was n o t  a d e q u a te .  A g l a s s  s l e e v e  was made to  h o ld  th e  loop  
o u t s i d e  of t h e  a to m iz e r  ( F ig u r e  5 1 ) .
b .  G la s s  ro d  a p p a r a t u s ; a 15 cm l e n g t h  o f  q u a r t z  t u b in g  
( 1 /4  in c h  O .D .)  was h e a t - s e a l e d  and drawn i n t o  a s m a l l  c o i l  a t  one 
e n d .  The c o i l e d  end of th e  rod  was h e ld  a p p ro x im a te ly  3 cm above 
th e  ca rb o n  bed by h a l f  o f  a o n e -h o le d  ru b b e r  s to p p e r  f i t t e d  i n t o  
t h e  open ing  of th e  s t a i n l e s s  s t e e l  a to m iz e r  h e a d .  Only h a l f  o f  a
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s to p p e r  was used  to  a l lo w  a i r  to  e n t e r  th e  a to m iz e r  to  e n s u re  
e f f i c i e n t  a to m iz a t io n  ( F ig u r e  4 9 ) .  O ther  equipm ent u t i l i z e d  in  
t h e s e  s t u d i e s  has been d e s c r ib e d  i n  C h a p te r  1. The 2 5 3 .7  nm and 
1 8 4 .9  nm m ercury re so n a n c e  l i n e s  were used  i n  t h i s  s tu d y .  A 
d e u te r iu m  lamp was used  to  m easure m o le c u la r  background 
a b s o r p t i o n .
2. C hem ica ls
Aqueous s o l u t i o n s  of th e  f o l lo w in g  compounds were
p r e p a r e d :  H g C l^  Hg2C l 2> HgBr2 , H g l2> HgSO^, H g ^ N O ^ ,  Hg(C 2 H3 0 ) 2>
CH JigC l, (C,H ) Hg, and p a ra h y d ro x y p h e n y l  HgCl. S o lu b le  s a l t s  
3 o D Z
were p re p a re d  in  100 ppm Hg s o l u t i o n s .  S a t u r a t e d  s o l u t i o n s  of th e  
i n s o l u b l e  s a l t s  were p re p a re d  by m ix ing  e x c e s s  s a l t  w i th  25 mL 
w a te r  and a l lo w in g  th e  s o l u t i o n s  to  s ta n d  f o r  48 h o u rs  a t  room 
t e m p e r a t u r e .  The m e rc u r ic  a c e t a t e  s o l u t i o n  was p re p a re d  f r e s h  
b ecause  i t  e a s i l y  decomposed. Comm ercial " T in c tu r e  of 
M e r t h i o l a t e "  (1 :1000  s o l u t i o n  of "T h im e ro sa l"  [ L i l l y ]  i n  e th a n o l )  
was a l s o  u s e d .
A 1000 ppm s o l u t i o n  of EDTA was p re p a re d  from th e  d isod ium  
s a l t .  A 10 mM s o l u t i o n  o f  L - c y s t e in e  i n  KOH was p r e p a r e d .  A 
s a l i n e  s o l u t i o n  c o n ta i n in g  2000 mg Na+ and 20 mg K+ per  
100 mL was p re p a re d  from NaCl and KC1 to  a p p ro x im a te  th e  i o n i c  
s t r e n g t h  and m a t r ix  of sweat and u r i n e .  A l l  c h e m ic a ls  used  were 
o f  r e a g e n t - g r a d e  q u a l i t y  and were p re p a re d  i n  d e io n iz e d  d i s t i l l e d  
w a t e r .  D i s t i l l e d  e le m e n ta l  m ercury was used f o r  c a l i b r a t i o n .
A l l  p o ly e th y le n e  v i a l s  used  f o r  s o l u t i o n s  or f o r  sample
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c o l l e c t i o n  were soaked i n  n i t r i c  a c id  and were w e l l - r i n s e d .  Whole 
b lo o d  sam ples  were c o l l e c t e d  i n  V a c u ta in e r s  w i th  EDTA a s  th e  
a n t i c o a g u l a n t .
3 . A n a l y t i c a l  P ro c ed u re
P r i o r  to  a n a l y s i s ,  b o th  th e  ca rb o n  bed and p la t in u m  loop 
were c le a n e d  by h e a t i n g  in  a i r  to  1500°C. The c o i l e d  t i p  o f  th e  
g l a s s  rod  was h e a te d  i n  a Bunsen b u rn e r  f lam e to  c l e a n  i t .  The 
lo o p  and rod  were th e n  a l lo w e d  to  co o l  to  room t e m p e ra tu re  to  
r e c e i v e  th e  sam ple .  The c a rb o n  a to m iz e r  bed was k e p t  h o t  
th r o u g h o u t .
a .  P la t in u m  lo o p
1  pL sam ples  were p i p e t t e d  o n to  th e  c o o le d  lo o p  w ith  a 
10 pL s y r i n g e  (H a m il to n  //702-SN). The s u r f a c e  t e n s i o n  of th e  
l i q u i d  was s u f f i c i e n t  t o  h o ld  th e  sample d rop  on th e  lo o p .  The 
lo o p  a p p a r a tu s  was th e n  p la c e d  on to p  o f  th e  a to m iz e r  and 
g r a d u a l l y  h e a te d  by i n c r e a s i n g  th e  v o l t a g e  a c r o s s  t h e  f i l a m e n t .
The V a r ia c  s e t t i n g  was i n c r e a s e d  m anua lly  from 0 t o  90 u n i t s  by 
a d v a n c in g  th e  d i a l  5 u n i t s  e v e ry  10 s e c o n d s .  The p la t in u m  loop  
i n c r e a s e d  i n  t e m p e ra tu re  from am bien t c o n d i t i o n s  to  a p p ro x im a te ly  
1500°C d u r in g  t h i s  p ro c e d u re .
D uring  h e a t i n g  of th e  p la t in u m  w i r e ,  a f low  of n i t r o g e n  (250 
mL/min) was m a in ta in e d  th ro u g h  th e  i n l e t  which t e r m in a te d  n e a r  the  
lo o p .  T h is  m a in ta in e d  an i n e r t  a tm o sp h e re  around  th e  loop  which 
h e lp e d  to  p r e s e r v e  th e  c h e m ic a l  form o f  th e  m e ta l  i n  t h e  sample 
d u r in g  th e  h e a t i n g  p r o c e s s .  E a r l i e r  i n v e s t i g a t i o n s  of cadmium and
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l e a d ^ 3  uSi ng t h i s  t e c h n iq u e  i n d i c a t e d  t h a t  i n  th e  p r e s e n c e  of 
a i r ,  most m e ta l  compounds were c o n v e r te d  to  th e  o x id e 6  and gave 
th e  same a b s o r p t i o n  t r a c e s .  The i n e r t  n i t r o g e n  a tm osphe re  
p r e v e n te d  ox ide  f o r m a t io n .
S u c c e s s iv e  sam ples were a n a ly z e d  by c o o l in g  th e  loop  and 
rem oving  i t  from  th e  a to m iz e r  head t o  i n t r o d u c e  a n o th e r  sam ple ,
b .  G la s s  ro d
1 pL sa m p le s  were p i p e t t e d  on to  th e  c o o le d  c o i l  u s in g  
a 10 pL s y r i n g e .  The rod  was p o s i t i o n e d  a t  th e  to p  o f  th e  
a to m iz e r  head and a l lo w e d  to  h e a t  by c o n d u c t io n  from th e  h e a te d  
c a rb o n  bed . The g l a s s  rod  rem ained  i n  p o s i t i o n  u n t i l  no f u r t h e r  
a b s o r p t i o n  peaks from th e  sam ple were o b s e rv e d .  T h is  u s u a l l y  
r e q u i r e d  l e s s  th a n  10 m in u te s .  S u c c e s s iv e  sam ples  were a n a ly z e d  
by rem oving th e  ro d ,  p l a c i n g  th e  c o i l  i n  a Bunsen b u rn e r  f lam e to  
c l e a n  i t  and a l l o w in g  i t  t o  c o o l  to  room te m p e ra tu re  b e fo re  
p i p e t t i n g  a n o th e r  a l i q u o t .
C. RESULTS
The a b s o r p t i o n  s p e c t r a  o b t a in e d  u s in g  t h i s  t e c h n iq u e  may b e s t  
be d e s c r i b e d  as  t e m p e r a t u r e - a b s o r p t i o n  t r a c e s .  T h e o r e t i c a l l y ,  
d i f f e r e n t  forms of t h e  m e ta l  o f  i n t e r e s t  would v a p o r i z e  o f f  th e  
lo o p  or ro d  a t  d i f f e r e n t  t e m p e r a t u r e s .  I d e a l l y ,  e a ch  m e ta l  
compound sh o u ld  y i e l d  d i f f e r e n t  t r a c e s  w i th  peaks o c c u r r in g  a t  
c h a r a c t e r i s t i c  t e m p e r a t u r e s .
A b s o rp t io n  t r a c e s  were o b t a in e d  u s in g  th e  d e s c r ib e d  
t e c h n i q u e s  f o r  s o l u t i o n s  o f  t h e  p r e v i o u s l y  l i s t e d  pu re  m ercury
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compounds, f o r  s o l u t i o n s  c o n t a i n i n g  m e rc u r ic  c h l o r i d e  and 
L - c y s t e in e  i n  v a r i o u s  r a t i o s ,  f o r  s o l u t i o n s  c o n ta i n in g  m e r c u r ic  
c h l o r i d e  and EDTA i n  v a r i o u s  r a t i o s  and f o r  b i o l o g i c a l  f l u i d s  such 
a s  b lo o d ,  serum , and \ i r i n e .  A l l  a b s o r p t i o n  t r a c e s  u s in g  th e  P t 
lo o p  were o b t a in e d  w i th  th e  p la t in u m  loop  i n s i d e  th e  a to m iz e r  as  
shown in  F ig u re  48. P l a c in g  th e  loop  o u t s i d e  th e  a to m iz e r  d id  not 
work b e c a u se  v o l a t i l i z e d  s p e c i e s  m ere ly  condensed  on th e  g l a s s  
s l e e v e  and were no t p u l l e d  i n t o  th e  a to m iz e r .
1. Aqueous S o l u t i o n s  o f  M ercury Compounds
Resonance  a b s o r p t i o n  t r a c e s  o f  w a t e r ,  t h e  pure  m ercury  
compounds and t h e i r  m o le c u la r  background t r a c e s  a r e  shown i n  F ig u re s  
5 2 -6 1 .  In  a l l  c a s e s ,  t h e  t r a c e s  from  th e  g l a s s  rod  were b ro a d e r  th a n  
t h o s e  from th e  P t lo o p ,  due to  th e  s lo w e r  r a t e  of h e a t i n g .
2 . Mercury-EDTA Complex S o l u t i o n s
S o l u t i o n s  c o n ta i n in g  v a r i o u s  r a t i o s  o f  HgCl2  and EDTA 
were s t u d i e d  u s in g  th e  g l a s s  ro d .  The EDTA-Hg sys tem  was of 
i n t e r e s t  because  whole b lood sam ples  which were o b ta in e d  from th e  
LSU S tu d e n t  H e a l th  S e r v ic e  w ere p r e s e r v e d  w i th  EDTA. Four 
d i f f e r e n t  s o l u t i o n s  were s t u d i e d :
a .  0 .0 5  mM HgCl2
b. 0 .0 5  mM HgCl2  and 0 .0 1  mM EDTA
c .  0 .0 2  mM HgCl2  and 0 .0 3  mM EDTA
d .  0 .0 3  mM EDTA
A l l  s o l u t i o n s  were a c i d i f i e d  t o  pH 3 w i t h  n i t r i c  a c i d .
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FIGURE 5 2 :  ABSORPTION TRACES OF AQUEOUS HgCIa  ON THE GLASS ROD AND 
P t  LOOP. RESONANCE (H g) AND BACKGROUND (D£ ) ABSORPTION ARE SHOWN.
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FIGURE 5 3 :  ABSORPTION TRACES OF AQUEOUS H g l2  ON THE GLASS ROD AND P t  
LOOP. RESONANCE (H g) AND BACKGROUND ( D 2 )  ABSORPTION ARE SHCWN.
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FIGURE 51*: ABSORPTION TRACES OF AQUEOUS KeS04 ON THE GLASS ROD AND 
P t  LOOP. RESONANCE (H g) AND BACKGROUND (Ds ) ABSORPTION ARE SHOWN.
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FIGURE 5 5 ; ABSORPTION ISACES OF AQUEOUS MERCURIC ACETATE ON THE GLASS 
ROD AND F t  LOOP. RESONANCE (H g) AND BACKGROUND (D2 ) ABSORPTION 
ARE SHOWN.
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FIGURE 56 : ABSORPTION TRACES OF Hg2C le  ON THE GLASS ROD AND P t  LOOP, 
RESONANCE (H g) AND BACKGROUND (Da ) ABSORPTION ARE SHOWN,
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FIGURE 5 7 : ABSORPTION TRACES OF AQUEOUS H gB r£  ON THE GLASS ROD AND PC 
LOOP. RESONANCE (H g ) AND BACKGROUND (D2 ) ABSORPTION ARE SHOWN.
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FIGURE 5 8 :  ABSORPTION TRACES OF AQUEOUS HgN03 ON THE GLASS ROD AND P t  
LOOP. RESONANCE (H g) AND BACKGROUND (Da ) ABSORPTION ARE SHOWN.
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FIGURE 5 9 i ABSORPTION TRACES OF WATER. A : RESONANCE (H g) AND BACK­
GROUND (Da ) ABSORPTION AT 2 5 3 -7  nm OF TAP AND DEIONIZED WATER ON THE 
F t  LOOP. B : RESONANCE (H g) AND BACKGROUND (D£ ) ABSORPTION AT 2 5 3 .7  nm 
OF TAP WATER Cffl THE GLASS ROD. C : RESONANCE (H g) AND BACKGROUND (D£ ) 
ABSORPTION AT 1 81+.9 nm OF TAP WATER ON THE GLASS ROD.
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FIGURE 6 0 : ABSORPTION TRACES OF AQUEOUS CHaHgCl ON THE GLASS ROD AND 
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DRPTION TRACES OF COMMERCIAL "TINCTURE OF MERTHIOLATE" 
)D AND P t  LOOP. RESONANCE (H g) AND BACKGROUND (D2 ) 
SHOWN.
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FIGURE 6 2:  SPECIATION OF FREE AND EDTA-BOUND Hge +  OK THE GLASS ROD AT 
2 5 3 .7  n o .  A : PURE H gC l2 SHOWED ONE PEAK AT c a .  1  m ln . B: H gC l2 
PLUS EXCESS EDTA SHOWED TWO PEAKS, ONE CORRESPONDING TO H gC la  AND 
A LESS-VOLATILE PEAK AT c « .  2  m ln . C: EXCESS H gC l2 PLUS EDTA SHOWED 
AN INVERTED INTENSITY RELATIONSHIP BETWEEN THE H gC l2 PEAK AND THE 
SECOND PEAK COMPARED TO THE PREVIOUS TRACE. D: PURE EDTA SHOWED A 
SMALL BROAD ABSORPTION PEAK AT c a .  2 - 3  m ln .
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t he  EDTA-Hg s o l u t i o n s  was made by assum ing  100% e f f i c i e n c y  of 
m ercu ry  b in d in g  t o  EDTA I n  th e  s o l u t i o n  and m ea su r in g  th e  peak 
h e i g h t s .  A c a l i b r a t i o n  c u rv e  was e s t a b l i s h e d  by i n j e c t i n g  known 
volum es o f  Hg v a p o r - s a t u r a t e d  a i r .  From th e  a b s o r p t i o n  t r a c e s , i t  
a p p e a re d  t h a t  m e r c u r ic  c h l o r i d e  was more v o l a t i l e  th a n  th e  Hg-EDTA 
com plex . The q u a n t i t a t i v e  r e c o v e ry  d a ta  (T a b le  35) i n d i c a t e d  t h a t  
th e  Hg-EDTA complex d id  no t c o m p le te ly  e v a p o ra te  from th e  g l a s s  
r o d .
3. M e rc u ry -C y s te in e  Complex S o l u t i o n s
S o l u t i o n s  c o n t a i n i n g  v a r i o u s  r a t i o s  of m e r c u r ic  c h l o r i d e  
and L - c y s t e in e  were s t u d i e d  u s in g  th e  g l a s s  ro d .  L - c y s t e in e  was 
u se d  a s  a model f o r  p r o te in -b o u n d  m ercu ry .  A b s o rp t io n  t r a c e s  a re  
shown i n  F ig u r e  63. Two s e p a r a t e  m e r c u r y - c o n ta in in g  peaks were 
se en  i n  t h e  m e r c u r y - c y s te in e  m ix t u r e s ,  which I n d i c a t e d  t h a t  
p r o te in - b o u n d  m ercury  was s e p a r a t e d  from i o n i c  m ercury  by t h i s  
t e c h n i q u e .
S u b s e q u e n t ly ,  s o l u t i o n s  o f  m e r c u r ic  c h l o r i d e  and o th e r  
o r g a n ic  com plex ing  a g e n t s ,  nam ely , d i th io x a m id e  and d i t h i z o n e ,  
were s t u d i e d .  The m e rc u ry -d i th io x a m id e  t r a c e s  a r e  shown i n  F ig u re  
64 . The m e r c u r y - d i th i z o n e  complex was n o t  w a te r  s o l u b l e ,  b u t  th e  
o r g a n ic  s o l v e n t s  in  w hich i t  was s o lu b l e  (CHCI3 , CCI4 ) 
gave 100% m o le c u la r  a b s o r p t i o n  o f  th e  253 .7  nm l i n e .  T h e re fo re  
t h i s  complex c o u ld  n o t  be s t u d i e d .
4 . B i o l o g i c a l  F l u i d s
U r in e ,  whole b lo o d ,  serum , s a l i v a  and sw eat were
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Table 35
Mercury-EDTA Complex: Q u a n t i t a t i v e  S tu d ie s
Using th e  G la s s  Rod V a p o r iz a t io n  S ta g e
2 + ng unbound ng t o t a l  Hg
S o l u t i o n  ng Hg added  Hg^ e x p e c te d  found
1 10 10 9 .3
2 10 8  8 .5
3 4 0 2 .9
4 0 0 0
(a )  a s  HgCl2  a c i d i f i e d  w i th  HN03 .
(b )  assum ing  100% e f f i c i e n c y  o f  Hg-EDTA complex f o rm a t io n .
( c )  c o r r e c t e d  f o r  d e io n iz e d  d i s t i l l e d  w a te r  b lan k  v a lu e  of 0 .3  ng 
Hg/yL
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FIGURE 6 3 :  SPECIATION OF FREE AND CYSTEINE-BOUND Hg2+  ON THE GLASS 
ROD AT 2 5 3 .7  nm. A : AQUEOUS CYSTEINE SOLUTION GAVE NO ABSORPTION. 
B : H gC l2 PLUS EXCESS CYSTEINE SHOWED TWO PEAKS, CORRESPONDING TO 
H gC lg  AND A LESS VOLATILE MERCURY COMPOUND. C : EXCESS H gC l2 PLUS 
CYSTEINE SHOWED AN INVERTED INTENSITY RELATIONSHIP BETWEEN THE TWO 
PEAKS COMPARED TO THE PREVIOUS TRACE. D : PURE HgCLa  SHOWED ONE 













2 4 6 8
T I M E  ( min )
FIGURE 6i*: SPECIATION OF FREE AND DITHIOXAM IDE-BOUND Hg2+  ON THE 
GLASS ROD AT 2 5 5 .7  ran. A : AQUEOUS H gC l£  SHOWED ONE PEAK AT c a .  1  m in . 
B: H gC l2 PLUS DITHIOXAMIDE SHOWED TWO PEAKS, ONE CORRESPONDING TO 
H gC l2 AND ANOTHER LESS VOLATILE MERCURY COMPOUND PRESUMED TO BE 
MERCURY BOUND TO DITHIOXAMIDE. C : AQUEOUS DITHIOXAMIDE ALONE 
SHOWED ONLY A SMALL, BROAD PEAK AT c a . 3 m ln .
a n a ly z e d  u s in g  b o th  th e  p la t in u m  loop  and g l a s s  ro d .  A b s o rp t io n  
t r a c e s  a r e  g iv e n  in  F ig u re s  6 5 -7 0 .  A s i n g l e  a b s o r p t io n  peak was 
o b t a i n e d  from u r i n e  w i th  abou t  th e  same a p p e a ra n c e  t im e as  th e  
m e r c u r ic  and m e th y lm e rc u r ic  h a l i d e s .  Whole blood (EDTA p r e s e r v e d )  
gave m u l t i p l e  peaks a t  184 .9  nm, b u t  a b a r e l y  d i s c e r n i b l e  t r a c e  a t
253 .7  nm due to  th e  low l e v e l  of m ercury  p r e s e n t .  No a b s o r p t io n  
was se en  f o r  serum a t  253 .7  nm. S a l iv a  gave a sm a l l  b road  peak 
w i th  an a p p e a ra n c e  tim e e q u a l  to  t h a t  f o r  u r i n e .  Sweat gave a 
s m a l l  b road  peak w i th  an a p p e a ra n c e  tim e l a t e r  th a n  t h a t  of the  
m e r c u r ic  h a l i d e s  but l e s s  th a n  t h a t  f o r  c y s te in e - b o u n d  m ercu ry .
An a r t i f i c i a l  sw eat sample was made from NaCl and KC1 to  a p p r o x i ­
mate th e  sw eat m a t r ix .  T h is  s a l i n e  s o l u t i o n  was sp ik e d  w i th  
m e r c u r ic  c h l o r i d e ,  b u t  th e  a p p e a ra n c e  t im e of m e rc u r ic  c h l o r i d e  
was n o t  changed .
A summary of a b s o r p t i o n  maxima found f o r  e ach  compound under 
th e  v a r i o u s  c o n d i t i o n s  used  i s  g iv e n  i n  T a b le  36.
An a t t e m p t  was made t o  a n a ly z e  segm ents of h a i r  by p l a c in g  
segm ents  w i th in  th e  lo o p  o r  c o i l .  The a t t e m p t  was n o t  s u c c e s s f u l  
f o r  s e v e r a l  r e a s o n s .  S m all  h a i r  segm ents (1  cm l e n g t h )  were 
p u l l e d  o r  blown o f f  th e  loop  by th e  gas  f low  th ro u g h  th e  sy s tem . 
Longer h a i r  segm ents ten d e d  t o  h i t  th e  s id e  of th e  a to m iz e r  and 
s t a r t e d  t o  b u rn .  The h a i r  segm ents  which rem ained  i n  p la c e  on th e  
g l a s s  c o i l  w ere in c o m p le te ly  v o l a t i l i z e d  and ten d e d  to  c h a r  on th e  
g l a s s .  No c o n c lu s iv e  d a ta  on s p e c l a t i o n  i n  s o l i d  h a i r  sam ples was 
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FIGURE 6 5 :  ABSORPTION SIGNALS OF WHOLE BLOOD, SERUM AND SWEAT AT 
2 5 5 .7nm ON THE P t  LOOP (A ) AND IHE GLASS ROD ( B ) .  RESONANCE (H g) 
AND BACKGROUND ABSORPTION (De ) SIGNALS ARE SHOWN.
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FIGURE 6 6 : ABSORPTION SIGNALS FOR URINE AND URINE SPIKED WITH H gC I2 
AT 2 5 3 .7  tun ON THE P t  LOOP. NO DIFFERENCE IN APPEARANCE TIME BETWEEN 
THE SIGNALS FROM SPIKED AND UNSPIKED URINE WAS SEEN. RESONANCE (H g) 
AND BACKGROUND (Dg) ABSORPTION ARE SHOWN.
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FIGURE 6 7 : ABSORPTION TRACES FOR URINE ON THE GLASS ROD AND P t  LOOP. 
A : ABSORPTION AT 1 8 U .9  nm BY URINE ON THE GLASS ROD B :  ABSORPTION 
AT 2 5 3 .7nm BY URINE ON THE GLASS ROD. C : ABSORPTION AT 2 5 3 .?  nm 
BY URINE ON THE P t  LOOP. RESONANCE (H g) AND BACKGROUND (Ds ) ABSORP­
TION ARE SHOWN.
Urine on Glass Rod 
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FIGURE 6 8 :  ABSORPTION TRACES OF URINE AND URINE SPIKED WITH H gC ls  ON 
THE GLASS ROD AT 2 5 3 - T nm. IN CONTRAST TO THESE SAME SAMPLES ON THE 
P t  LOOP (F I G .6 6 ) ,  THE SPIKED SAMPLE EXHIBITED TWO PEAKS, A SHARP ONE 
SUPERIMPOSED UPON A BROAD PEAK. THIS DISCRIMINATION IS  DUE TO THE 
SLOWER HEATING RATE OF THE GLASS ROD COMPARED TO THE P t  LOOP.
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FIGURE 6 9 :  ABSORPTION TRACES OF WHOLE BLOOD ( EDTA-PRESERVED) ON THE 
GLASS ROD. A : ABSORPTION SIGNALS FROM EDTA-PRESERVED WHOLE BLOOD AND 
AQUEOUS Hg-EDTA SOLUTION AT 2 5 3 .7  nm. TWO PEAKS ARE SEEN, WHICH MAY 
BE DUE TO FREE AND BOUND H g. B: WHOLE BLOOD ON THE GLASS ROD AT I 8L .9 
nm. MULTIPLE PEAKS ARE PROBABLY DUE TO UNEVEN HEATING OF THE SAMPLE, 














T IM E  (m ln)
FIGURE TO: APPEARANCE TIMES OF MERCURY-CONTAINING PEAKS IN 
VARIOUS SAMPLES, COMPARED TO H gC l£  (DOTTED LINE) AND CYSTEINE- 
BOUND MERCURY ( WITHIN SOLID L IN E S ).
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Table 36
Summary o f  M ercury S p e c i a t i o n  Data
Compound 
o r  Sample
B o l l in g  
P o i n t ,  °C
Hg C l 400 ( s )
HgCl2  276
HgBr2  322
H g l 2  354
HgS04 d
Hg(C2 H3 0 2 ) 2  d
Hg2 (N03 ) 2  d
CH3HgCl 100
Hg(C6H5 )2  204
p-O H -phenyl HgCl 260 
Tap w a te r  100
U rine  
S a l iv a  
Sweat
Whole b lood  
Serum
T i n c tu r e  o f  M e r t h io l a t e
HgCl2- c y s t e i n e
HgCl2-EDTA
C o n d i t io n s  f o r  A t t a i n i n g  
Maximum A b s o rp t io n  a t  253 .7  nm
P la t in u m  Loop: G lass  Rod: E lapsed
V a r ia c  S e t t i n g  Time i n  Bed (min)
5 ,  50 0 .5
5 0 .5
5, 40 0 .5 , 5 ,  7 .5 .
1 0 0 .5 , 3
5, 25 , 4 5 ,  65 0 . 8 , 1 . 5 ,  4
35, 45 , 50 0 .5 , 2 .5 ,  3.









Not d e t e c t e d Not d e t e c t e d
1 . 0 , 5 .5
0 .5 , 3 .5
0 . 5 , 3
( a )  Data from CRC Handbook o f  C h e m is t ry  and P h y s i c s , 5 6 th  E d . , 
CRC P r e s s :  C le v e la n d ,  O hio , 1975.
(b )  EDTA t r e a t e d .
N o te :  Because of th e  d i f f i c u l t y  i n  e s t i m a t i n g  th e  t e m p e ra tu re  of
t h e  p la t in u m  loop  and th e  g l a s s  rod  when th e  a b s o r p t io n  
maximum was re a c h e d ,  th e  d a ta  a r e  e x p re s s e d  i n  t im e  or 
v a r i a c  s e t t i n g  f o r  com parison  p u rp o se s  o n ly .
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D. DISCUSSION
1. T em pera tu re  W ith in  t h e  System
From an a n a l y s i s  of th e  a b s o r p t i o n  t r a c e s ,  I t  a p p e a re d  
t h a t  s p e c i a t i o n  of some m ercury  compounds c o u ld  be pe rfo rm ed  by 
v o l a t i l i z a t i o n  from e i t h e r  th e  p la t in u m  loop  or g l a s s  ro d .
M ercury bound to  an  o r g a n ic  s u l f h y d r y l  group  cou ld  be s e p a r a te d  
from  m ercury bound to  a h a l i d e ,  f o r  exam ple . The m e rc u r ic  
s u l f a t e ,  m ercu rous  n i t r a t e  and m e rc u r ic  a c e t a t e  s a l t s  gave 
c h a r a c t e r i s t i c  peaks c o r r e s p o n d in g  t o  v o l a t i l i z e d  s p e c i e s .  
U n f o r tu n a t e ly  th e  t e m p e ra tu re  c o n t r o l  o f  th e  sy s tem  was not 
a d e q u a te  to  s e p a r a t e  th e  m a j o r i t y  o f  m ercu ry  s a l t s  due to  t h e i r  
h ig h  v o l a t i l i t i e s .
The te m p e ra tu re  c o n t r o l  w i t h in  th e  sys tem  l e f t  much to  be 
d e s i r e d .  The a to m iz e r  c a rb o n  bed had t o  be m a in ta in e d  a t  1500°C 
i n  o r d e r  t o  e f f e c t  a to m iz a t io n  o f  v o l a t i l i z e d  s p e c i e s ,  b u t  t h i s  
r e s u l t e d  i n  a t e m p e r a tu r e  of ab o u t  250°C a t  th e  p o s i t i o n  of th e  
g l a s s  c o i l  and p la t in u m  lo o p .  Thus th e  p la t in u m  loop  was r a p i d l y  
h e a te d  even  w ith  no a p p l i c a t i o n  of v o l t a g e .  The g l a s s  c o i l  h e a te d  
a b i t  more s lo w ly ,  a s  e v id e n c e d  by th e  b ro a d e r  a b s o r p t i o n  t r a c e s ,  
b u t  s t i l l  a p p e a re d  t o  r e a c h  250° v e ry  r a p i d l y .  T h is  r a p i d  h e a t i n g  
was u n d o u b te d ly  s u f f i c i e n t  t o  v a p o r iz e  im m ed ia te ly  w a te r  and most 
o f  th e  s im p le  m ercury  s a l t s  and o rganom ercury  compounds exam ined . 
I t  was im p o s s ib le  to  d e te rm in e  th e  te m p e ra tu re  of th e  p la t in u m  
lo o p  a s  a f u n c t i o n  of th e  a p p l i e d  v o l t a g e  u s in g  an  o p t i c a l  
p y ro m e te r ,  s in c e  a l l  o f  th e  a b s o r p t i o n  peaks a p p e a re d  a t  V a r ia c
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s e t t i n g s  w e l l  below th o s e  a t  which th e  w ire  became i n c a n d e s c e n t .  
The o p t i c a l  p y ro m e te r  was used  t o  m easure  th e  te m p e ra tu re  of the  
lo o p  a t  h ig h  V a r ia c  s e t t i n g s  and a p o s s i b l e  e x t r a p o l a t i o n  to  lower 
t e m p e r a t u r e s  i s  g iv e n  i n  F ig u re  71, b u t  an e x a c t  c o rre sp o n d e n c e  
betw een loop  te m p e ra tu re  and V a r ia c  s e t t i n g  cou ld  n o t  be o b t a i n e d .  
I t  was l i k e w i s e  im p o s s ib le  t o  m easure  th e  te m p e ra tu re  of th e  g l a s s  
c o i l ,  so th e  a p p e a ra n ce  t im e  of th e  a b s o r p t io n  peak was m easu red , 
w i th  th e  a s su m p t io n  t h a t  th e  c o n v e c t iv e  h e a t i n g  of th e  c o i l  was 
r e p r o d u c i b l e  from sample to  sam p le .
I t  had been  hoped t h a t  p l a c i n g  th e  Pt loop  o u t s i d e  th e  
a to m iz e r  would a l lo w  f i n e r  t e m p e ra tu re  c o n t r o l  betw een 25°-250°C . 
U n f o r t u n a t e l y ,  s p e c i e s  which v o l a t i l i z e d  from th e  w ire  condensed 
on th e  w a l l  o f th e  g l a s s  s l e e v e ,  which was a t  room t e m p e r a t u r e ,  
i n s t e a d  o f  b e i n g ' c a r r i e d  i n t o  th e  a to m iz e r .
2. Q u a l i t a t i v e  and Q u a n t i t a t i v e  A n a ly s is
The main o b j e c t i v e  o f  t h i s  s tu d y  was t o  d e te rm in e  
q u a l i t a t i v e l y  th e  s p e c i a t i o n  o f  m ercury  compounds but th e  d u a l  
s t a g e  sys tem  cou ld  be used  f o r  q u a n t i t a t i v e  a n a l y s i s .  P i p e t t i n g  
known volumes of sam ples  and s t a n d a r d s  o n to  th e  loop  o r  c o i l  
a l lo w e d  p r e p a r a t i o n  of a c a l i b r a t i o n  cu rve  and rea d y  q u a n t i t a t i o n  
o f  m ercu ry  c o n c e n t r a t i o n s .  M ercury l e v e l s  i n  w a te r  d e te rm in e d  by 
v o l a t i l i z a t i o n  from th e  p la t in u m  loop  and g l a s s  c o l l  compared 
f a v o r a b ly  w i th  c o n c e n t r a t i o n s  d e te rm in e d  by d i r e c t  i n j e c t i o n  of 
w a te r  sam ples  on to  t h e  c a rb o n  b ed . Peaks from th e  p la t in u m  loop  
were much s h a r p e r  th a n  th o s e  from th e  g l a s s  c o i l .  Q u a n t i t a t i o n
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FIGURE 7 1 :  PLOT OF TEMPERATURE OF THE P t  LOOP AS A FUNCTION OF VARIAC SETTING,, AS DETERMINED WITH AN 
OPTICAL FVROHETER. DOTS REPRESENT POINTS MEASURED WITH THE PYROMETER SET ON ITS LOW TEMPERATURE SCALE. 






was e a s i e r  on th e  p la t in u m  lo o p ,  s in c e  peak h e i g h t s  c o u ld  be 
m ea su red ,  w hereas  peak a r e a  had to  be m easured f o r  th e  b road  peaks 
from  th e  g l a s s  c o i l .  The a b s o r p t i o n  t r a c e s  from th e  g l a s s  c o i l  
were more r e p r o d u c ib l e  th a n  th o s e  from th e  p la t in u m  lo o p .  The 
loop  became s o f t  upon r e p e a t e d  h e a t i n g  c y c le s  and a p p e a re d  to  h e a t  
un e v e n ly  w i th  p ro lo n g e d  u s e ,  c a u s in g  i r r e p r o d u c i b l e  
v o l a t i l i z a t i o n .
The 184 .9  nm l i n e  was s i g n i f i c a n t l y  more s e n s i t i v e  th a n  th e
253 .7  nm l i n e ,  b u t  m o le c u la r  background from H2 , CO and  o th e r  
d e c o m p o s i t io n  p r o d u c t s  was a l s o  s i g n i f i c a n t l y  g r e a t e r .  The 
s i g n a l s  g e n e r a te d  by 1 pL o f  t a p  w a te r  and 1 pL o f  u r in e  
v o l a t i l i z e d  from th e  g l a s s  c o i l  were m easured  a t  b o th  w av e len g th s  
and a r e  compared i n  F i g u r e s  59 and 67 . The g l a s s  c o i l  cou ld  be 
used  to  s tu d y  v o l a t i l i z a t i o n  o f  m ercury  compounds a t  1 8 4 .9  nm by 
i n s e r t i n g  i t  th ro u g h  th e  b r a s s  cap d e s ig n e d  to  a l lo w  N2  
p u rg in g  of th e  l i g h t  p a t h . T h e  p la t in u m  loop had to  be 
f i t t e d  d i r e c t l y  i n t o  th e  a to m iz e r  head and c o u ld  n o t  be used  a t
184 .9  nm. Removal o f  th e  loop  i n  o r d e r  t o  i n j e c t  a sample a l low ed  
a i r  i n t o  t h e  a to m iz e r ,  w hich cau sed  com ple te  a b s o r p t i o n  of th e
184 .9  nm l i n e .  The m ercury  compounds a l l  v o l a t i l i z e d  b e fo re  100% 
t r a n s m i s s i o n  of th e  l i g h t  s o u rc e  was r e a t t a i n e d .
3 . S o l u t i o n s  o f  Pure  M ercury Compounds
Almost a l l  o f  t h e  s o l u t i o n s  i n v e s t i g a t e d  gave an im m ediate 
peak upon i n t r o d u c t i o n  of th e  loop  or th e  g l a s s  c o l l  i n t o  th e  
a to m iz e r .  For th e  I n o r g a n ic  c h l o r i d e s ,  o rganom ercury  compounds
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and w a t e r ,  t h i s  was th e  o n ly  peak s e e n .  T h is  was n o t  s u r p r i s i n g  
s in c e  th e  t e m p e ra tu re  a t  th e  a to m iz e r  i n l e t  was g r e a t e r  th a n  or 
e q u a l  t o  t h e  b o i l i n g  p o i n t s  of t h e s e  compounds. In  th e  c a s e s  of 
t h e  h ig h e r  b o i l i n g  s a l t s ,  i t  was n o t  in c o n c e iv a b le  t h a t  t h i s  
i n i t i a l  peak was due t o  m ercury  compounds e n t r a i n e d  i n  th e  r a p i d l y  
e v a p o r a te d  s o l v e n t ,  b u t  was more l i k e l y  i n d i c a t i v e  o f  some 
d i s s o c i a t i o n  of th e  s a l t  t o  g iv e  Hg^+ i o n .  For th e  HgSC>4  
and Hg(C2 H3 0 2 ) 2  s o l u t i o n s ,  t h i s  i n i t i a l  peak was more 
p rom inen t  on th e  g l a s s  c o l l  th a n  on th e  p la t in u m  lo o p .  The 
r e a s o n  f o r  t h i s  was n o t  u n d e r s to o d .
D ipheny lm ercu ry  and p -h y d ro x y p h e n y l  m e rc u r ic  c h l o r i d e  gave 
a b s o r p t i o n  t r a c e s  on th e  g l a s s  c o i l  i d e n t i c a l  to  t h a t  of 
m e th y lm e rc u r ic  c h l o r i d e  and a re  not shown.
Most of th e  i n o r g a n i c  m ercury  compounds were m o le c u la r  r a t h e r  
th a n  i o n i c  compounds. T here  a p p e a re d  to  be a c e r t a i n  amount of 
d i s s o c i a t i o n  o f  a l l  t h e  m e rc u r ic  h a l i d e s  however, even i n  n e u t r a l  
s o l u t i o n .  For exam ple , F ig u re  72 showed th e  e f f e c t  o f d i l u t i o n  on 
th e  a b s o r p t i o n  t r a c e  o f  s a t u r a t e d  HgBr2  s o l u t i o n .  The 
s a t u r a t e d  s u p e r n a t a n t  showed 2  p e a k s ,  one s h a rp  peak which emerged 
im m e d ia te ly  and a l a r g e  b road  peak c e n te r e d  a t  3 .5  m in u te s .  On 
d i l u t i o n ,  th e  f i r s t  peak  d id  n o t  change s i g n i f i c a n t l y ,  b u t  th e  
second  peak was g r e a t l y  r e d u c e d .  F u r th e r  d i l u t i o n  d id  n o t  change 
t h e  f i r s t  peak , b u t  a lm o s t  c o m p le te ly  e l i m i n a t e d  th e  second peak .
I t  seemed l o g i c a l  to  a s s i g n  th e  f i r s t  peak to  i o n i c  Hg^+ and 
t h e  second  to  m o le c u la r  HgBr2  bu t t h i s  was u n s u b s t a n t i a t e d .
G l a s s  rod  ( 2 5 3 . 7  nm) 
E F F E C T  Of DILUTION on 








1 ^ 1  M T u r o i B d  
H g B r ^ d i l u t s d  
1 - 1 0 0
SO50 S O I U a t u r o n dr*
M g B f e d i l u i t d
1 - 1 0 0 0
40 40 4 0
% A %A %A30 30 30
2020 2 0
T i m e  { m i n )
FIGURE T2: OH DILUTION OF A SATURATED AQUEOUS SOLUTION OF HgBr2 , 
THE SECOND PEAK DECREASED IN ABSORPTION INTENSITY, THE 
SECOND PEAK COULD BE DUE TO UNDISSOCIATED HgBrs . THE FIRST PEAK 
CORRESPONDED TO Hg2+ .
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4. Hg -EDTA S tu d ie s
EDTA was added t o  s o l u t i o n s  o f  HgCl2  t o  o b se rv e  th e  
e f f e c t  o f  t h i s  com plex ing  a g e n t  on th e  a b s o r p t i o n  t r a c e s .  The pH 
o f  th e  s o l u t i o n s  was a d j u s t e d  t o  3-4  t o  s t a b i l i z e  th e  Hg-EDTA 
com plex . S o lu t io n s  ( p r e v i o u s l y  d e s c r i b e d )  o f  HgCl2  o n ly ,  EDTA 
o n l y ,  e x c e s s  HgCl2  p lu s  EDTA and HgCl2  p lu s  e x c e s s  EDTA 
w ere s t u d i e d .  As can be se en  i n  F ig u re  62 , one peak was o b ta in e d  
f o r  HgCl2  a lo n e  w h i le  two peaks  were o b ta in e d  i n  th e  HgCl-EDTA 
m i x t u r e s .  The f i r s t  o f  t h e  two peaks had an a p p e a ra n c e  t im e  e q u a l  
t o  t h a t  o f  pu re  HgCl2 * The h e ig h t  of th e  f i r s t  peak d e c re a s e d  
on c h ang ing  from e x c e s s  HgCl2  t o  e x c e s s  EDTA, w h i le  th e  h e ig h t  
o f  th e  second  peak I n c r e a s e d .  I t  seemed r e a s o n a b le  t o  assume t h a t  
t h e  f i r s t  peak r e p r e s e n t e d  Hg^+ and th e  second p eak , th e  
Hg-EDTA com plex . S tu d ie s  (T a b le  35) i n d i c a t e d  t h a t  th e  Hg-EDTA 
com plex was no t q u a n t i t a t i v e l y  v o l a t i l i z e d  from th e  g l a s s  r o d .
T h is  was con firm ed  by th e  a p p e a ra n c e  of c h a r r e d  o r g a n ic  m a t e r i a l  
on th e  g l a s s  c o i l  when th e  c o i l  was h e ld  i n  a Bunsen b u rn e r  flam e 
f o r  c l e a n i n g .
5. H g -C y s te in e  S t u d ie s
I t  was w ell-know n t h a t  v e ry  s t r o n g  b in d in g  of m ercury  to  
o r g a n i c  s u l f h y d r y l  g roups  o c c u r r e d . ^ 6  M ercury  was th o u g h t  to  
be bound t o  s u l f u r - c o n t a i n i n g  amino a c id s  th ro u g h o u t  th e  body. 
S o l u t i o n s  c o n ta i n in g  m e r c u r ic  c h l o r i d e  and L - c y s t e in e  were 
p r e p a r e d  t o  s im u la t e  m e r c u r y - p r o t e in  sys tem s  i n  th e  body. The 
a b s o r p t i o n  t r a c e s  a r e  shown in  F ig u re  63. C y s te in e  i t s e l f  (10  mM
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a queous  s o l u t i o n )  gave no a b s o r p t i o n  p e a k s .  M e rc u r ic  c h lo r i d e  
gave i t s  t y p i c a l  peak a t  abou t  0 .5  m in u te s  a f t e r  i n j e c t i o n .
M ix tu re s  o f  HgCl2  and c y s t e i n e  gave two d i s t i n c t  p e a k s ,  one 
c o r r e s p o n d in g  to  th e  HgCl2  peak and a b road  peak c e n te r e d  a t  
a b o u t  3 .5  m in u te s .  The second  peak i n c r e a s e d  w i th  i n c r e a s i n g  
c y s te in e /H g  r a t i o  and can p ro b a b ly  be a t t r i b u t e d  t o  a m ercu ry -  
c y s t e i n e  com plex. T h is  i n d i c a t e d  t h a t  s e p a r a t i o n  of i o n i c  and 
p r o t e in - b o u n d  m ercury  c o u ld  be perfo rm ed  by t h i s  s im p le ,  r a p id  
t e c h n iq u e  w i th  no p r i o r  sample t r e a t m e n t .
S o l u t i o n s  of m e rc u r ic  c h l o r i d e  w i th  d i th io x a m id e  ( r u b e a n ic  
a c i d ) ,  a n o th e r  s u l f h y d r y l - c o n t a i n i n g  o r g a n i c ,  were s tu d i e d  u s in g  
t h e  g l a s s  c o i l .  R e s u l t s  s i m i l a r  to  th o s e  of t h e  H g - c y s te in e  
s o l u t i o n s  were o b t a i n e d .  Two peakB were seen  i n  th e  
H g -d i th io x a m id e  m ix tu r e ,  one c o r r e s p o n d in g  to  HgCl2  and a 
s econd  peak c e n te r e d  a t  3 .5  m in u te s .  A s h o u ld e r  a p p e a re d  a t  abou t 
5 m in u te s .  D i th io x am id e  i t s e l f  gave 2 s m a l l ,  b ro ad  peaks  a t  abou t 1 
and 4 m in u te s .
6 . B i o l o g i c a l  F l u id s
a .  U rine
U rine  sam ples  on th e  p la t in u m  loop  gave a s h a rp  peak 
c o r r e s p o n d in g  to  t h a t  o b t a in e d  f o r  b o th  HgCl2  and CH^HgCl.
U rine  sp ik e d  w i th  HgCl2  gave th e  same s i n g l e  s h a rp  peak 
( F ig u r e  6 6 ) .  I n  c o n t r a s t ,  u r i n e  sam ples on th e  g l a s s  c o i l  gave a 
b road  peak ( from  0 .5 - 2  m in u te s )  w hich c o u ld  be a t t r i b u t e d  to  
HgCl2 * However, u r i n e  sam ples  s p ik e d  w i th  HgCl2  showed a
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d i s t i n c t  peak which a p p e a re d  betw een 1  and 2  m in u te s ,  l a t e r  th a n  
th e  a p p e a ra n c e  t im e o f  HgCl2  (F ig u re  6 8 ) .  The a p p e a ra n c e  tim e 
of  HgCl2  wa s  compared i n  aqueous s o l u t i o n  and i n  s a l i n e  
s o l u t i o n  (u sed  to  s im u la te  u r i n e )  t o  see  i f  a m a t r ix  e f f e c t  
e x i s t e d ,  b u t  th e  a p p e a ra n c e  t im e  of th e  two peaks was i d e n t i c a l .
I t  was p o s s i b l e  t h a t  added HgCl2  complexed w i th  p r o t e i n  
m a t e r i a l  i n  th e  u r i n e  sa m p le ,  r e s u l t i n g  i n  a d e la y e d  a p p e a ra n ce  
t im e .  Not a l l  of  th e  u r i n e  v o l a t i l i z e d  o f f  th e  g l a s s  c o i l ,  as  
e v id e n c e d  by a w h i t i s h  s a l t - l i k e  d e p o s i t  on rem oving th e  c o i l  from
th e  a to m iz e r  and o b s e r v a t io n  o f  c h a r r i n g  o r g a n ic  m a t e r i a l  on
c l e a n in g  th e  c o i l  i n  th e  Bunsen b u r n e r .
b .  Whole Blood (ED TA -preserved) and Serum
Whole b lood  on th e  p la t in u m  loop  d id  no t g iv e  any 
d e f i n i t i v e  s i g n a l  a t  253 .7  nm. On th e  g l a s s  c o i l  a t  253 .7  nm, 
w hole b lood  gave a sm a l l  (<5% A) a b s o r p t i o n  s i g n a l  w hich a p p e a re d  
t o  c o n ta i n  a t  l e a s t  two peaks ( F ig u r e s  65 and 6 9 ) .  The a b s o r p t io n  
t r a c e  f o r  aqueous Hg-EDTA s o l u t i o n  i s  a l s o  p r e s e n te d  i n  F ig u re  69 
f o r  com parison  s in c e  th e  b lood  was t r e a t e d  w i th  EDTA. At 1 8 4 .9  nm 
on th e  g l a s s  c o i l ,  whole b lood  gave a  s e r i e s  of p e a k s .  On 
a d d i t i o n  of HgCl2 > th e  e n t i r e  a r e a  under th e  peaks I n c r e a s e d  
b u t  no s i n g l e  peak a p p e a re d  to  i n c r e a s e  d r a m a t i c a l l y .  T h is  
i n d i c a t e d  t h a t  th e  m u l t i p l e  peaks were p ro b a b ly  due to  uneven 
h e a t i n g  o f  th e  v i s c o u s  b lood  sample and n o t  t o  s e p a r a t e  
H g - c o n ta in in g  s p e c i e s .  The b lood  r a p i d l y  c o a g u la te d  on e x p o su re  
t o  th e  h e a t  of t h e  ca rb o n  bed and l e f t  a spongy c h a r r e d  r e s i d u e  on
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the end of the coll.
No a b s o r p t i o n  s i g n a l  was o b se rv e d  f o r  serum.
c .  S a l iv a
A sm a l l  b ro ad  peak was se en  f o r  s a l i v a  sam ples 
a n a ly z e d  a t  253 .7  nm on th e  g l a s s  r o d .  The m ercury  compound had 
t h e  same a p p e a ra n c e  t im e  a s  t h a t  i n  u r in e  and was more v o l a t i l e  
t h a n  t h a t  In  s w e a t .
d .  Sweat
Sweat sam ples  gave a sm a l l  peak w ith  an ap p e a ra n ce  
t im e  l a t e r  th a n  t h a t  of HgCl2  ( F ig u r e s  65 and 70) bu t e a r l i e r  
t h a n  t h a t  f o r  H g - c y s t e i n e .  S a l t  c o n c e n t r a t i o n s  s i m i l a r  to  th o se  
found i n  sw eat d id  no t a f f e c t  th e  a p p e a ra n ce  tim e of HgCl2 * 
T h e r e f o r e ,  th e  m ercury  compound i n  sw eat was p ro b a b ly  not i o n ic  
m ercury  or HgCl2 »
The r e l a t i o n s h i p  betw een th e  a b s o r p t i o n  t r a c e s  f o r  b i o l o g i c a l  
f l u i d s ,  Hg^+ and H g - c y s te in e  i s  most e a s i l y  s e en  i n  F ig u re  70.
E. CONCLUSIONS AND SUMMARY
1. The d u a l  s t a g e  a to m iz a t io n  t e c h n iq u e  d e s c r ib e d  a llow ed  
s p e c i a t i o n  of s e v e r a l  m e r c u r y - c o n ta in in g  compounds i n  aqueous 
s o l u t i o n  and i n  b i o l o g i c a l  f l u i d s .  The te c h n iq u e  h e ld  g r e a t  prom ise 
f o r  f u r t h e r  s p e c i a t i o n  s t u d i e s .
2 . A c c u ra te  t e m p e ra tu re  c o n t r o l ,  e s p e c i a l l y  a t  t e m p e ra tu re s  
l e s s  th a n  200°C, was needed  to  s e p a r a t e  th e  e x t r e m e ly  v o l a t i l e  
m ercury  h a l i d e s  and s im p le  o r g a n o m e rc u r ia l s  from each  o t h e r .  T h is
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may b e s t  be a c co m p lish e d  by r e d e s i g n  o f  th e  f i r s t  s t a g e  to  p la c e  
i t  o u t s i d e  th e  q u a r t z  ” T " . For exam ple ,  s im u l ta n e o u s  h e a t i n g  of 
t h e  loop  and th e  g l a s s  s l e e v e  s h o u ld  p re v e n t  c o n d e n s a t io n  on th e  
w a l l s  of th e  s l e e v e .
3 . S tu d ie s  w i th  m ercu ry  s a l t s  and EDTA, L - c y s t e in e  and 
d i th io x a m id e  d e m o n s t ra te d  t h a t  t h i s  t e c h n iq u e  may be used  to  s tu d y  
t h e  e x t e n t  of complex f o r m a t io n .
4 .  I n v e s t i g a t i o n s  o f  b i o l o g i c a l  f l u i d s  i n d i c a t e d  t h a t  t h e r e  
was a s i n g l e  p redom inan t form o f  m ercury  i n  sw e a t ,  a s i n g l e  
p redom inan t  form i n  s a l i v a  and a s i n g l e  p redom inan t form i n  u r i n e .  
The m ercury  compound i n  u r i n e  and t h a t  in  s a l i v a  were more 
v o l a t i l e  th a n  t h a t  in  s w e a t .
5 . Both q u a n t i t a t i v e  and q u a l i t a t i v e  a n a ly s e s  were p o s s i b l e  
w i th  t h i s  t e c h n iq u e .
GENERAL CONCLUSIONS
In summary, the following general conclusions can be made.
1 . Atomic a b s o r p t io n  s p e c t r o s c o p y  u s in g  th e  q u a r t z  "T” 
a to m iz e r  was shown to  be a s u c c e s s f u l  t e c h n iq u e  f o r  th e  d i r e c t  
d e t e r m i n a t i o n  o f  m ercury  in  e n v i ro n m e n ta l  and b i o l o g i c a l  
m a t e r i a l s .  The t e c h n iq u e  was used i n  th e  d i r e c t  a n a l y s i s  of 
w a t e r ,  u r i n e ,  s w e a t ,  whole b lo o d ,  se rum , b r e a t h ,  s a l i v a  and h a i r  
sa m p le s .  The l i q u i d  sam ples were i n t r o d u c e d  i n t o  t h e  ca rbon  bed 
on ca rb o n  d i s k s  or by d i r e c t  i n j e c t i o n  w i th  a m i c r o d i s p e n s e r .
H a ir  sam ples  were dropped  i n t o  th e  a to m iz e r  by tw e e z e r s .  B re a th  
sam ples  were a d so rb e d  on th e  ca rbon  bed i t s e l f .
Use of th e  q u a r t z  "T" a to m iz e r  had s e v e r a l  a d v a n ta g e s .  More 
c om ple te  d e g r a d a t io n  of th e  o r g a n ic  m a t r ix  of b i o l o g i c a l  sam ples 
o c c u r r e d .  T h is  s u c c e s s f u l l y  reduced  m o le c u la r  background a b s o rp ­
t i o n .  The d e s ig n  of th e  a to m iz e r  p e r m i t t e d  use  of th e  more s e n s i ­
t i v e  184 .9  nm re so n a n c e  l i n e  as  w e l l  a s  th e  s p i n - f o r b i d d e n  253.7  
nm l i n e .  The te c h n iq u e  was v e ry  s e n s i t i v e ;  a s  l i t t l e  a s  1 .5  x 
10“ H  g Hg c o u ld  be d e te c te d  u s in g  o n ly  1 yL o f  sam p le .  The 
d e s c r i b e d  method avo ided  many o f  th e  e r r o r s  a s s o c i a t e d  w i th  sample 
p r e t r e a t m e n t  or p r e c o n c e n t r a t i o n  s t e p s  which were common i n  o th e r  
a n a l y t i c a l  p r o c e d u r e s .  No r e a g e n t s  were added t o  s a m p le s ,  which 
p r e v e n te d  p o s i t i v e  e r r o r s  due t o  c o n ta m in a t io n .  In  a d d i t i o n ,  no 
a n a l y t e  was l o s t  due t o  v o l a t i l i z a t i o n  d u r in g  d i g e s t i o n  p ro c e d u re s  
o r  due to  In co m p le te  e x t r a c t i o n .  A n a ly s i s  was s im p le  and r a p i d .
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2. The ca rb o n  bed a to m iz e r  c o u ld  be a p p l i e d  to  th e  a n a l y s i s  
o f  b i o l o g i c a l  m a t e r i a l s  f o r  o th e r  m e ta l s  which a r e  v o l a t i l e  a t  
t e m p e r a tu r e s  below 1550“C.
3 . The a v e ra g e  c o n c e n t r a t i o n  of m ercury  i n  ta p  w a te r  from 
Baton  Rouge was found t o  be 0 .6 5  ppm* Tap w a te r  i n  th e  C h e m is try  
B u i ld in g  a t  LSU c o n ta in e d  0 .4 0  ppm Hg.
4 . The a v e ra g e  c o n c e n t r a t i o n  of m ercury  i n  th e  u r in e  of a 
sam ple p o p u l a t i o n  n o t  o c c u p a t i o n a l l y  exposed  was 1 .3  + 0 .9  ppm.
5 . The a v e ra g e  c o n c e n t r a t i o n  of m ercury  in  th e  sweat of a 
n o n - o c c u p a t i o n a l l y  exposed  p o p u l a t i o n  was 0 .5  + 0 .4  ppm.
6 . M ercury  c o n c e n t r a t i o n s  i n  u r in e  and sweat were found to  
v a r y  on a  d a y - to - d a y  b a s i s .  No c o r r e l a t i o n  was found between 
m ercu ry  i n  u r in e  and m ercury  i n  sw eat f o r  two i n d i v i d u a l s  s tu d i e d  
o v e r  an e i g h t  month p e r i o d .
7 . The a v e ra g e  c o n c e n t r a t i o n  o f  Hg i n  whole b lood  f o r  a 
p o p u l a t i o n  no t o c c u p a t i o n a l l y  exposed  was 0 .4 3  ppm. The a v e ra g e  
c o n c e n t r a t i o n  i n  serum was 0 .3 2  ppm Hg f o r  th e  same sample 
p o p u l a t i o n .
8 . M ercury i n  s c a lp  h a i r  seemed to  a r i s e  from two s o u r c e s :  
e x c r e t i o n  from w i t h i n  th e  body and a d s o r p t i o n  from e n v iro n m e n ta l  
s o u r c e s .  M ercury found in  th e  h a i r  segm ents n e a r e s t  th e  ro o t  most 
n e a r l y  r e p r e s e n t e d  e x c r e t e d  m erc u ry ,  w h ile  t h a t  m easured n e a r  th e  
end o f  th e  h a i r  s t r a n d  r e f l e c t e d  e n v i r o n m e n t a l l y - c o n t r i b u t e d  
m ercu ry  a s  w e l l .  The m ercury  c o n c e n t r a t i o n  i n c r e a s e d  w i th  
i n c r e a s e d  d i s t a n c e  from th e  r o o t .
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9. The a v e ra g e  c o n c e n t r a t i o n  a t  th e  r o o t  of th e  h a i r  was 
found  t o  be 1 .8  +  1 .5  ppm Hg f o r  a group of n o n - o c c u p a t i o n a l l y  
e xposed  p e r s o n s .  T h is  was c o n s id e r e d  to  be a m easure of the  
e x c r e t i o n  o f  m ercury  from th e  body th ro u g h  th e  h a i r .  The concen­
t r a t i o n  o f  m ercury  a t  th e  r o o t  was s i g n i f i c a n t l y  d i f f e r e n t  betw een 
m ales  and f e m a le s .
10. The i n c r e a s e  i n  m ercury  per  u n i t  l e n g th  from d i s t a l  end 
t o  p ro x im a l  end o f  th e  h a i r  s t r a n d  d i f f e r e d  between i n d i v i d u a l s .
On th e  a v e r a g e ,  th e  i n c r e a s e  per  u n i t  l e n g t h  f o r  m ales  was l e s s  
t h a n  t h a t  f o r  f e m a le s .  T h is  i n d i c a t e d  t h a t  m ercury  was be ing  
t a k e n  up by th e  h a i r  from e x t e r n a l  s o u r c e s .
1 1 .  The c o n c e n t r a t i o n  of m ercury  i n  b r e a t h  was found to  have 
an  a v e ra g e  v a lu e  o f  2 .6 5  yg/m^ f o r  a "norm al"  p o p u l a t i o n .
12 . The c o n c e n t r a t i o n  of m ercury  i n  s a l i v a  was found to  be
0 .2 7  ppm i n  a "norm al"  p o p u l a t i o n .
13 . No c o r r e l a t i o n  was o b se rv e d  betw een  th e  c o n c e n t r a t i o n s  of 
m ercu ry  i n  h a i r ,  u r i n e ,  s w e a t ,  b r e a t h  and s a l i v a  f o r  a "no rm al” 
p o p u l a t i o n .  Good c o r r e l a t i o n  was found betw een m ercury  c o n c e n t r a ­
t i o n s  i n  h a i r ,  b r e a t h  and s a l i v a  f o r  r e c e n t  e x p o s u re .
14 . The a v e ra g e  d a l l y  e x c r e t i o n  o f  m ercury  th ro u g h  body 
t i s s u e s  and f l u i d s  c o u ld  be e s t im a te d  u s in g  th e  d a ta  accum ula ted  
i n  t h i s  r e s e a r c h .  These e s t i m a t e s  were as  f o l l o w s :
u r i n e :  2 mg Hg/day
s w e a t :  1 .5  mg Hg/day
h a i r :  0 .4  yg Hg/day
b r e a t h :  0 .0 3  mg Hg/day
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T h e r e f o r e ,  th e  t o t a l  d a l l y  e x c r e t i o n  of m ercury  th ro u g h  th e s e  
r o u t e s  was abou t  3 .5 3  m g/day .
T here  were o t h e r  p o s s i b l e  modes of e x c r e t i o n  of m ercury  from 
th e  body; f e c e s ,  n a i l s ,  t e a r s ,  s k in  e x f o l i a t i o n  and mucous a r e  a 
few e x a m p les .  Feces  a r e  b e l i e v e d  to  be th e  m ajor  r o u t e  of e x c r e ­
t i o n  of m ercu ry  which has  p a s se d  th ro u g h  th e  g a s t r o i n t e s t i n a l  
t r a c t .  The o t h e r  modes o f  l o s s  were c o n s id e r e d  to  be minor
compared to  th o s e  of u r i n e ,  f e c e s  and sw e a t .
The c o n c e n t r a t i o n s  of m ercury  m easured  i n  t h e s e  t i s s u e s  in  
t h i s  s tu d y  were h ig h e r  th a n  th o s e  r e p o r t e d  i n  th e  l i t e r a t u r e .  The 
e s t i m a t e d  d a i l y  i n t a k e  o f  m ercury  f o r  a "norm al"  U.S. a d u l t  has 
been  e s t i m a t e d '  to  be 50 pg. I t  seemed t h a t  we were e x c r e t i n g  more 
t h a n  we were t a k i n g  i n .  However, th e  m ercury  l e v e l s  m easured  i n  
t a p  w a te r  i n  t h i s  s tu d y  were a l s o  h ig h e r  th a n  th o s e  r e p o r t e d  in  
t h e  l i t e r a t u r e .  I t  was th o u g h t  t o  be a good a s su m p t io n  t h a t  much 
o f  th e  d a ta  on m ercury  c o n c e n t r a t i o n s  in  food and w a te r  were 
s i g n i f i c a n t l y  low, due t o  a n a l y t i c a l  p rob lem s such  a s  v o l a t i l i z a ­
t i o n  l o s s e s ,  in co m p le te  e x t r a c t i o n s  and f a i l u r e  to  d e t e c t  a l l  of
t h e  form s of m ercury  in  a sam ple .
15. The p la t in u m  loop  and g l a s s  rod  v o l a t i l i z a t i o n  s t a g e s  and 
q u a r t z  "T" a to m iz e r  e x h i b i t e d  p rom ise  a s  a means of s p e c i a t i o n  of 
m ercu ry  compounds i n  b i o l o g i c a l  and e n v i ro n m e n ta l  sa m p le s .
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